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WO 7007128051PCT/AU2007/000582 1 Biological polysiloxanes Field of
the invention The present invention elates to siloxane macromonomers
and polymers formed therefrom suitable for use as biomedical devices. In
parioulansthe siloxane macromcnomers are suitable precussaa defor 000552
forming injectable, in situ curable, accommodating intraocular lenses.
Background of the invention Curregtly known intraocular lenses (10Ls)
include non-deformable, foldable and expansible lenses, which may be

formed from material%sgjg%a%jggﬁgg sﬂ%@{&ﬁ%@ or 10 polysiloxanes.

These 10Ls are implanf n Incision 1n the cornea and
inserting a preformed 10L. To minimise trauma during implantation,

foldable and expansible liQ{IG_!?HhO%\@gebeevn Qgggloped. These lenses may be

rolled up and inserted through a smaflntuebe, which allows a smaller
The IBEISION taepmadeindke ©OMBRaFO! ExaBPIrSlaBIratad hygiagelssead
nerargSaduiin small ngision teenniges. Hydrage! 15 I08E88IE e sioxane
CrERY drAlEd BefSte Msertion and naturally reRydrated Brce inside the
macrsapsulaesacaFo Beabitablecad 10k s, e S HER iR hsds rehlire bl
accolMBtiRRRMRNFIRie RiICahpERperties, but also mechanical properties, such as
structural integrity and elasticity, to permit them to deform during
implantation and then regain their shape in viva. However, such 10Ls are
not capable of accomBadagrgind ef inc2@wandicdue to their rigidity, and
so are not an optimal solution for correction of pr(?g\ll\)%/opia. To further

Currgaihe| BROFOL SR TR cPRE7Gi cEPindlsiBRY TS bR e iR Se dAiARRIR s2Nd
expaitilisin ginjectabien] Slay hevie beshfsuggestedkiinfectalle 40y swoyttdgels or
polylTRiaNig ARy lensdiling,or refilling ProgeduEss stichariBhacaskreadttet and
such a procedure the natural, = | o .
inserting a preformed IOL. To minimise trauma during implantation, foidable and
expansible 10Ls have been developed. These lenses may be rolled up and inserted
through a small tube, which allows a smaller incision fo be made in the cornea. :For
example, dehydrated h?drogels can be used with small incision techniques. Hydrogel
lenses are dehydrated before inseriion and naturally rehydrated once inside the
capsular sac. To be suitable as 10Ls, these deformable lenses require not just
appropriate optical properties, but also mechanical properties, such as structural
integrity and elasticity, to permit them to deform during implantation and then regain
their shape in vivo. However, such I0Ls are not capable of accommodating when in

vivo, due to their rigidity, and so are not an optimal solution for correction of presbyopia.

To further develop IOLs and reduce surgical incisions to below 1.5 mm, techniques
utilising injectable 10Ls have been suggested. injectable IOLs would be implanted by
lens filling or refilling procedures, such as Phaco-Ersatz. In such a procedure the natural
material of the lens is extracted while the lens capsule-zonule-ciliary body framework is
maintained. The intact lens capsule is then refilled by injecting a low viscosity material
into the empty capsular bag. The material may then be cured in situ. in this process the
capsular bag is used to form the shape of the lens. Provided the elasticity of the refilling
material is sufficiently low, the lens shape can then bé manipulated by the ciliary

muscles and zonules as occurs with the natural lens. Consequently, such injectable
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material of the lens is extracted while the lens capsule-zonule-ciliary body
framework is 25 maintained. The intact lens capsule is then refilled by
injecting a low viscosity material into the empty capsular bag. The material
may 1henkecured in situ. In this process the capsular bag is-us
the shape of the lens. Provided the elasticity of the refilling rk?ica%;é&?%?t‘%{)%%z
sufficiently low, the lens shape can_then be manipulated by the ciliary
musties and zonules as occurs with the natural lens. Consequently, such
injectable WO 2007/12803)PCT/AU2007/000582 2 IOLs are able to
I0Ls e SIRMBORIP RURAR RIAHOm. problems with in situ curing, such as
controlling the crosslinking process and finding clinically acceptable
ApartBaditspRIeherEthas HeerHadry6lead YK DEISTgaRBE Bk afeess and
findirs@Mpeskignsfeepselas injectahle, 1se|njectablest0k_ mratgrialsd nizediop
polyé? hquingH Itactg)l%é{%%%ﬂg 1Ic91r [[N& %59 rﬂf@c%é‘ﬂ)‘i@blléf[g.f rf?gé'(ytgﬂ[},d%t materials
ditabie mechanical ¢ aracteristics aftetJ curing, I.e. modulus, good ,
needyindifteRciHiRPISiodsmRsRYbIE, IRKIGEMRY RaSiigManiRTR dxf dBffesultable
mecBaidae strsilisadieticEheaprapettiasg suth. asnasonsity, gnodulusrapdrency, be
. extr I ind in Si . g intraocular
oo B L e Al L0 10 onasuentl,
materials useful in deformable 10l s a itapl :
T SEAR8 TULL, oy BRI ol e e e e e i 0 i
curabippieyenraedatinateapmv Rt BraERmTtne TIsiRitRe tRRcmmNeIELs.
Con&eftiextinpuedizROMSUNas heemfauadaohaneny relativehs loitatieeasityse as
inie z;tlgg ttgs;%by a tendency to leak out of the injection site (i.e. the capsular
! %ag)e before curing. To address this deficiency, high viscosity

polysiloxanes have been adde PDMS reaction mix., However, a . . .
=or RN ENEK B MU LD TR S Ring (AT 1 Lo RS o beppEnal 0
foldadchrcdefarmsdie tHelsptioatiguiiliepiebthd Pesarigproguet. A58 thepakeen
sourfifisulbier thessurasomrhysicaliy tainiesinia verysdaliaajeienesrnsnent, the
.. Often requiring substantial force, In addition, it-has faund : :
mje%i'&%?[ %rlql[o%il RaRe SSH[aula\;inbga & h?ST???aSHSH%fP.maﬁﬁ%%ﬁ'gﬁgné%%% R él)? 'gh
vischeite apishexangstaiedorespeaiegravith &iRRNSumesradTésulitwayer @
drah@dpiectadiensonaterialovibliont patamepqueosstayesiprassiitdn dech can
. __capsular.bag. In such a case, it will be difficult ta fill the | -
s I e P

phygieady in Brger b anentn Dot enbinarashLEpRpR WISy HRSANHY &rge: I
addINOiPINce Seahitesnativenpelysiloxanpesspoagueediyipplymarisaticitdn  of

e s rv%@"e?é"%%ﬁ%?fé%{?ﬁi%rf‘eségtﬁéﬁ’%ﬂ%@w %

undsigsiisxafhbsdasdnissteth'ansrapeeifcaticiPRave 2y adueous layer present in

the capsular bag. In such a case, it will be difficult to fill the capsular sac completely and
will require the surgeon to manually express intra-capsular water in order to maintain

the correct lens shape during the filling and curing process.

Alternative polysiloxanes, produced by polymerisation of aromafic-based siloxane
macromonomers, for use as deformable 10OLs are disclosed in WO 03/040154.
WO 03/040154 teaches that the polysiloxanes described in that specification have a
relatively high Rl of 1.45 or greater and are biocompatible. However, such polysiloxanes

would not be suitable for use as an injectable, in situ curable, accommodating 10L. The
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relatively high RI of 1.45 or greater and are biocompatible. However, such
polysiloxanes 30 would not be suitable for use as an injectable, in situ
curable, accommodating 10L, The WO ‘
2Q(17 1PCT/A112007/000582 3 described polysiloxanes have a
h%% rzr%g'gll?lgjé which would prevent the ciliary muscles and ZGAGEEHEH§5%2
modifying the shape of a lens refilled with these materials. US
2005/0070626 describes deformablé 10Ls having a high RI that are
composed of a silicone polymer and a silica reinforcer. The silicone
desgblptheplisipuigsikadrie HavinePs Had rbigh S@bbtitrenest HswaNmy, miscles
and MaieEalwaulsbastibe switatiedor userasaminiestrbliRsiNraite Galkable,
accommodating 10L. The methods for synthesising the polysiloxanes

us dessipeddnsliS 20054 070626 temyirerbapatesialstohs heatethitised of 2
.. 100C. This treatment woul cause any ,ola/merlﬁ? le grougs to. )

SN, ROAER' 108 o WST I PARLTEIn BU i BAG B N MR Al WAL A8 6
aryl igtouhestapsurnihagowentethiBOrintanaithedsconsy b esitatziaght werlds an
inje&_@bl@ifoiﬂié%ﬁgﬁléﬁi%@@ﬂkb&mmw@ m@t@r?a%tq}t&@agame R HEIRGHE the

situ. In addition, the.m r nsuita or In situ pwing as It

poly N A T S B B b gate o
T00Hy dfosiljatibrens attigd scars krisinPe ecsirs e refs: ah daHstgfordangnd so
woLdareage thesngowsigingrioteaical tissyerbeardieteshinasibdula additionsther,

the HERUIR 8¥%C%§wse’§;s”t%tu§p%%§gﬁﬁn%@ 8%83&? R a%%%%g%er%%é%e%&@epatarfazs
mixing of tw components and then waiting 1or the reaction to'take place.

to basuiieblarer surgeolh 584 AniatBirimEr dnrianaivisicir feemjostisdenirturesitu
curitifosthet aapsulathagyandmakeams agjustiaents deessivethecertesbnomer.

2| of.refilling,] en achieved, An tentjal disadyanta

RS oo s COATTEG ard o B obogarass v
SUTRURHPE IR DF ah SN Grortiisdae detsts fdme SiEip glistipreTRESESS DKot 2
‘curgron permay thesseadt tegtores fhethexiekpsstindkingbeteegratiiehen waiting for
the %%E%R%QQ@% %ﬁ%@%”@x‘&%@%'ri%ésao‘fi%gb‘?%c%ﬁ%%eﬂ‘ Which to
~applications where the viscosity of the'macromonomers and the modulus
Injegt RRyTHEHEE BB RfeTERIHARTTS it g G iR dB IR Ry B ihfupRIESC!
levealningdithad legsibsstuzaifalrdd, accommodating lens 25 forming material

from polysiloxanes that has a suitable refractive index and the desired
Andarghsstiaglanikapiieabau alitiescBosas iaticanstituieanoplimad 03/040154 and

f ns. ltis f desirable to f uc
S e g ey o B o A A e

SIQHrBapke sPHaeretractiR o farBaekas LMl ey BEmers.
Thiseidetach) JESRNMY 1280pdRETin tHR0OT/ Q0GR Rieferameetthanysphiary of

theiﬁ%@éﬁ%ﬁ &JQ%%@%&%;{&%&S‘Q% é%ﬂ%%t[;ﬁ?g}/@g%“a?@irﬁﬁ%ar% sart of

nowledgment or any form of suggestion this prior
the common general knowledge in Australia or arty other jurisdiction or
TSR RIS O LD A CLRARN, 1 SARbeiB 1 B 2050 AeGHEoaing fons
formitderssod! divdnregirdexkass el ansty supier soieskilke thistrapaitsadesired
medSSEerain, thedaralpenapsseiand vaniatiorsHf HRiteiMesieBAsnt for the

"comprising”, "comprises" and "comprised"”, are not intended to exclude
"SR Rl RBPhGREALE RHSSRTL BIestige. SUTRIARy of (B iehtErr e
ind@Q &f/trenruyadel dtirgjexipblinuerits toipép Racks dhechratiinal Eensayithca seftnyopia
or BRleibWE: pesipglyfound that in primates (rhesus) the replacement

induced a refractive error in all animals (hyperopia), Similar results were

obtained for experiments conducted with ex vivo human eyes. It was
expected that if you replace the contents of the natural lens with a polymer
of the same refractive index (RI) no refractive error would be induced.

Conventional optical modelling suggests that the 'text book' average RI of

the natural human lens is between 1.40 and 1,41. In particular, a refractive

index value of 1.407 has been used. Polydimethylsiloxanes having an RI.

of 1.407 have been produced.
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It has now been shown that the original optical power of a lens can be

maintained by refilling the lens with a material having an RI of between

1.421 and 1.446. .20 Generally, the RI of a polysiloxane can be raised or

lowsreehRysghanging the substituents along the polymer ba kanggéO&sma con

matter of theory, the RI of a siloxane polymer can be raised by; mcreas?r%?“

phenyl/aroma icontent; increasing hglogen (Pr, I, Cl) content 25increasing

sulphur content; and/or reducing the fluorinated content of the polymer,

WO 2007/118051PCTIM,:2007/000582 and generally lowered by:
ReiHENSEsIR e BB d S RRES GRHRD poI)Rie Arfeéhonkinyt D taken as, an
ackphetegltamematicarin goconténtigdestieasingt listogeor (Bt for&d) wonteritie common

gerfRS/ QLERRIBESINY AURRME CONIENL: oth ey RS BRI PAICENIAGESBE art could

various substituents cannot simply be increased Or decreased as a matter
eagPIBlrR FEPEXEMISE S MRS Contanmg HigPRfolapadefitagdeiarant by a
perpbienlillsdbstingtioh, which would be required to create high RI materials.
suffer from a tendency to solidify. Solidification compromises the
As pregerntesrofitietpolySitoranes, seddesingidherofunsuitablesten uge asmprising”,

"co%ﬂﬁ%@lgnm‘%%EH@Q*?BQ?EBPWW% Je%?ﬁm@&peef%%u%éée@&l%{%%ents,

imits the degree of phenyl substitution possible on siloxanes and

INteg5FRBREERTY the resulting RI that can be achieved. Accordingly, there is
also a need for polysiloxanes suitable for use in injectable, in situ curable,

accommodating 10Ls withuariigheeRind Srivenseguently, in a first aspect
the present invention provides a macromonorner of the formula 1: I L K

WhRIVISRADSHire re kR TR i$0a REfEG VB SN der rabtenangitrcumart igel. fritewas
surfeisgyFRayneisablegiedlinesus) the replacement induced a refractive error in
all animals (hyperopia). Similar results were obtained for experiments conducted with ex
vivo human eyes. It was expected that if you replace the contents of the natural lens
with a polymer of the same refractive index (RI) no refractive error would be induced.
Conventional optical modelling suggests that the “text book’ average R! of the natural
human lens is between 1.40 and 1.41. In particular, a refractive index value of 1.407
has been used. Polydimethylsiloxanes having an RI of 1.407 have been produced.

It has now been shown that the original optical power of a lens can be maintained by
refilling the lens with a material having an R} of between 1.421 and 1.446.

Generally, the RI of a polysiloxane can be raised or lowered by changing the
substituents along the polymer backbone. As a matter of theory, the Rl of a siloxane
polymer can be raised by:

&

increasing phenyl/aromatic ring content;

o

increasing halogen (Br, I, Cl) content;

. increasing sulphur content; and/or

L

reducing the fluorinated content of the polymer,



K is a spacerup; L is optional and is a spacer group; each R. is
independently selected from an RIM, a lower alkyl group, hydrogen or Z;
a is a molar percentage of the macromonomer which is in the range of
fr mol%t b is a molar percentage of the macro
|s?§t%ggr§ﬁ%% of from 5 to 99 moi%; c is a molar percentag;q’ %%91{192007 o 2
rnacromonomer which is in the range of from 0 to 2 mol%; and 10 d is a
molar percentage of the macromonodmer which is in the ange of from O to
2 mol% with the proviso that ¢ and d are not both 0 mai 'Ye. In different
and @rﬁ%gﬁﬁacromonomer has one or more of the following
charapter a molecular weight in the range of from 20,000 to 400,000,
"prefer’ﬁBrI%ﬁ‘ffﬁéﬁ%ﬂd%rkﬁﬁg?grﬁoz@@?@b@ft 200'0067:and more preferably in
the range of from 50,000 to 100,000; a refractive index at 37C in the
Tanged@ﬁﬁﬂﬁrﬂw@GW%eﬁﬁF'@féF@m@mﬁe range of from 1.41 to 1.5,
more preferably in the range of from 1.421 to 1.444, 20and most
preferdgsiedsihe falngeroffronl). 426 ¢otl &tloon average, 1 Z group per
300 or more siloxane repeat units, and more preferably 1 Z group per 550
5 or motesiesimespmataonitsita viscosity at 25C of less than 150,000 oSt,
preferably less than 80,000 cSt and more preferably in the range of from
Hovlg080 tStrtmian ;ﬁwﬁeaﬂada%m@@&dzﬁbeﬁﬁ%ﬁ%&dnﬁdﬂbﬁp@%@dd&@a@@d or
deolSHeRPNEL. AaaAulis 8L AL C-of Iesahian SOkEa, pretarably %ﬁ Oémﬂo,ar

Pa and more preferably less than 5kP Eac M may inde
p%,matena

Per%@?ﬁ?%?é&ﬁ%émé‘;%madw iR ww&ﬁ fﬁ%”ﬂf%f&?%ﬁf@ﬁ%\é@
suffgrstamces nodificagidn mElibe & dhifitgeitromdheBhtfantbeeqrivaleést of the

10 polReldimasthylsiloxane Masramonemer- Ap RIM @nyﬂéé?ﬂgéﬁéhe B's%h&rame

macromonomer bi mcr asmg or decreasing the RI. Groups with

highe
BCCRIEEROR EENSI® halE S BRI 16 hEYe AEE T BRI 8Ren! Pheny! dubsttution
posgiderommineanes whileogreapsniytina fewdtiaieRtibatdendity dvaverad.
tendency to reduce the RI or the macrornonomer.
Accordingly, there is also a need for polysiloxanes suitable for use in injectable, in situ

curable, accommodating 10Ls with a higher R1.

15 . Consequently, in a first aspect the present invention provides a macromonomer of the

formula 1:
R N
ol | i
R-8iO~f—~g—0 ( &L/ 40 S‘J./o |
R 4 i |1 ll =
a K\ b K\ ¢ L\ d
RIM Z

)
wherein
20  RIM is a refractive index modifying group;

Z is a free radically polymerisable group;



The RIM may be a substituted or unsubstituted aromatic group, a
fluorinated group, 10 a group containing bromine, iodine, or chlorine
atom(s) or a sulphur containing group, Use of substituted or unsubstituted
aromatic groups, sulphur containing groups or bromine, iodine or chlorine
containing groups will result in a siloXane polymer with an increased
refractive index. Alternatively, use of a fluorinated group he refractive

K ingspastahersilbxane polymer, 15 The substituted or unsubstituted
aromatic group may be a phenyl ring. In addition, an analogous aromatic

L igrouiiptel thred phenylaiag griaypbe used, such as a fused aromatic
derivative, such as naphthalene, anthracene, 1H-phenalene etc, or

eaclustersmekpsamaliy sags:atiached aamsentel Garngn s sil %tgé‘ﬂ-Jrhze
aromatic group may be substituted by one or more substituents including™

2 1aleehal, | ' Tolefl ine. lower alkyl, lower alkenyl and
lower _alk%g(&%g%é er%?l@%ﬁ%gsﬁgs%%@d (\)/\F%J%Rs\{t%b@tﬁh%’eﬁ%% ﬁ]f:&rﬁ:r% rgoffp

g5i§7816’nenyl ring. Preferably, the substituted phenyl group is not styrene.

_Suitable fluorinated groups include ,perfluorinated C-, to 012 alkyl. For

b 1a 2eRfpfe P& BarRIS AVIGIy Aorsnritethenutictyelodtie Fange gridimmob the

aofaltowing formula: 25-[(C r122)03t\2 Amended Sheet IPEAJAU WO
2007/128051PCVAL120071000582 R2 is hydrogen or fluorine,Y is

o i3 JFYB-PUBRIBOZ or 4702 AN BN R NIRRIGO) 3 I5 Iydrogen or z is

5 ani(;n.teggr of 0 or1, ais aninteger from 1 to 15, b is an integer from to

r@?a(ﬁoa s aninteger from 1 to 20.  Sulphur containing groups include
‘thioester or thioether moieties. For example, groups 5 of the following

4 IRRMQIAS PP AP T SreTerEBRP aGsRRNY N0 ifpinvihécte ngayobEom O to

2 rsuBstituted or unsubstituted as described above, Each Z may
independently be any free radically polymerisable group capable of cross-

wittQrinkisgidbenmackamenemessigfiasm.g plymer in vivo. Preferably, Z is
an ethylenically unsaturated group. Suitable groups include acrylate,
methacrylate, alkyl methacrylate,, acrylamide, methacrylamide, vinyl,

In GJRIABY S RHTEERIKIenTR BT RTARRTRSO ATl eleryoxyatky| ahdhe following

chanethactidexyalkyl, Further, suitable precursors for free radically
polymerisable groups may be aziactones, isocyanatoethylmethacrylate
(IEM) a(%rxl [ 15,cp‘loriQe, methacrylic: anhydride or methacryloyi .

" chichde ParfcIIEH WRERSHE SroXane ThalrBhtoltofErBilsiRsRaiably in the
reagengthas aoperiddifiCatoobiad, thibl anamine gretsaEach heayhge of from
ind%@@@{glydg%g@y biologically acceptable group capable of linking the
refractive index modifying group to the siloxane backbone. K may be a

linear, branched,
. a refractive index at 37°C in the range of from 1.33 to 1.60, preferably in the

range of from 1.41 to 1.5, more preferably in the fange of from 1.421 to 1.444,
and most preferably in the range of from 1.426 to 1.440:

. on average, 1 Z group per 300 or more siloxane repeat units, and more

preferably 1 Z group per 550 or more siloxane repeat units;

. a viscosity at 25°C of less than 150,000 cSt, preferably less than 80,000 ¢St
and more preferably in the range of from 1,000 ¢St to 80,000: and

Amended Sheet
IPEA/AY
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or cyclic lower alkyl, which is optionally interrupted by one or more
heteroatorns, such 20 as 0, N or S, or functional groups such as, but not
limited to, ester, amide, urethane, WO 2007/128031PCVAU2007/000552
nate, thioester or -CFurther the lower alkyl may be substituted by a
functional group such as, but not limited to, ester, amide, urethane,
carbonate, thioester, thiol, alcohol or amine.  Preferably, when K is a

« lineahbranoiediro cysliiowenaky), K herds.to thesstison hatom-of theps,

S O B r R0 FTRA RADNELAY o e

for 2)n- whereln n'is an integer referably n
is an mteger 2 or 3. Each L, when present, may independently be any

Eabro@@rcawya‘wema:me@mwmcapa@mobImmma)fraeomiﬁ@”uﬁe Rl of the
mmameﬁ&%@wesgmwg@hege iRl slonane packbone. b %10 pea,
IC

r, branched, or cyclic lower alkyl, w IS optlona mterrupted oétan

eqré\é ?% CNSIEIRARTOSAER B ORI r mﬁo‘ﬁaﬁangmmpcgiycw@ﬁmmhe
matotinitecstop ester;amiinte cirethanesisarbenate, thisesten e QEBNEzctron

e B I e B oS it

but not limited to, ester, amide, urethane carbonae nﬁrgéSt i
2 IR SRR AR Y BrefaigBRP D94 IE ISWeraligl B théformaatar(Cr)

wherein n is an integer 1, 2, 3,4 or 5. More preferably n is an integer 2 or

Tha.FRuMitableder %%%@f&&%%mgg&&%@%ﬁ%m@'%@“a G bl %i%f Froup,

alcohol and all%l% clohexanogl. Lower alkyl has |%§art|cu ar, up to

@ ERBo AL RRETIRT (p5t5Ra EarbIRT A ARy rﬁérﬁnﬁa&pbérsﬁ%‘gﬁiﬂmg
grerain/ et tﬂ%mhe‘cﬂtt&fbmﬂgmuﬁsﬁbﬁedampfeaimcIgdﬁxmﬁembmhw@mammg

grdiePYs BriviREdBEMY! @%H@OW@!KB@/ P3SN PRTHS Lﬂl@r{ up @ gl 8%ne
arbon refer up to 4 carbon atoms which m
B BT R ot i
wilpkopeniiyt gebapivedas préfersioheimsthelyange of from 10 to 88 mol%
and more preferably in the range of from 50 to 85 mol%, WO

Tha Q4 P 7/0005 2 10 bis ref rably in the range of
from é&gg%%mg%#%?e%re?er% FrPtRen 5’51) of f?ok?/*ﬁef% rﬁt%ﬁa.%ﬁ%lﬁan
aNnRBEIOPRfe RIBRPAYEhE PERgE G aeTO 63D m@}%)e cliseprefecably in theed
ardiam@@ afrivetnd) wdh%mﬂ%&@ﬂbﬁéo@wm%c@éﬁwwm eranpge of from Qe o
of ]a ﬁ % fr?é%bnlél in thﬂ %(?bof from ? to 1.5 mo|% and more
era%) e range St ?rom% Ollor sificon atom. The aromatic group
may be substxtuted by one or more substituents including alcohol, chiorine, bromine,
iodine, amine, lower alkyl, lower alkenyl and lower alkoxy. Preferably, the substituted

or unsubstituted aromatic group is a pheny! ring. Preferably, the substituted phenyl
group is not styrene.

Suitable fluorinated groups include perflucrinated Gq to C1p alkyl. For example, a

partly or wholly fluorinated Cs-Cg-cycioalky! or a group of the following formula:

H

I IR Y U e I
U CHZ)a(YV){ CHF ) (CF2)}-Ro

Amended Sheet
PREA/AD
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In one form of the invention, R is independently selected from RIM and
lower alkyl. In forming the ends of the macromonomer, any reagents
capable of forming end groups may be used. The end groups may include
free radi lymerisable groups to 10 increase the potential degree of
c%%s%?rjié?r%g& ?Jf the macromonomer when cured. Suitable re3gEHtE 000552
introducing end groups include hexamethyldisilexane, hexaethydisiloxane,
tetramethyldisiloxane, 1,3-bis(3-arniF?opropyl)-l,173,3-
tetr,amethgldisiloxane, 1,3-bis(3-methacryloxyprobyl)tetramethyldisiloxane,

Whe BT S NGBS T) THA8 8 et Snfe BRAHRIDERES Oz -0S0z2, -OC(O)- o

- -N{R3CHIS4-Ry drdwyioropy B-1:1-8,3alkyl, z is an integer of 0 or 1, a is an integer from

1 fée{tsam%tawﬂi%?@%#@%é"&éﬁye%%m&g%%n?@xljdb%j!Oxaneand

divinyltetramethyldisiloxane. As will be appréeciated, in the formula 1, the
RIM, Z, K, L and R groups may vary with the alternatives given in the
Sulphyl e ERiRHstierruPs readsidoagiomer dkine i teigiiesvduld appreiageoups
of tirefoiastogionomes: may be synthesised by substituting two or more 20
different -K-RIM, -K-RIM-Z or -L-Z groups onto the siloxane backbone.
Accordingly, the invention does not reg(uire that every RIM, Z, K, L and R
group be identical in a given macromoforner. The macmmonomer may
optionally be further substitytedwithsgroups having pharmaceutical activity
or being capable of acting as-JV or blyedight filters, 25 polymerisation
initiators, such as photoinitiators, thermal initiators or redox initiators or
biologically inert capping groups. Substitution with such groups, or other
suitable groups, would impazr@”e\@ﬁvities to the resultant polymer. The
groups may be WO 2007/1 1P CT/AU200 7/0 W562 incorporated
iinto the macromonomer by a direct bond tc a silicon atom or by linking
through the -L-Z, -K-RIM-Z or -K-RIM groups or via other suitable
methods__ In another aspect, @Z?ﬁz;@nt irv&iition provides a composition
curable into a biomedical deviegincluding a'macromonomer as described
above. The biomedical 5 device is preferably an ophthalmic device. The
Tn@RiiRalmirAeise MBNbEARL oAl CoARLONIAY, SONIBRL oo o
lens, or an artificial cornea. Preferably the device is an OL. More
de?ﬁrétf é)a%tfﬁvﬁwe device is an injectable, in situ curable, accommodating
10L. Accordingly, a preferred embodiment of the present invention is a
Eacmmmtiaamr&taeggn t%"i_'érf% ﬁfgﬂ@?@ﬂgﬁf@?ﬁé@émﬂ%é @l%ﬁacg%g%lgeaof cross-
scribe above. A further preferred_embodiment is
o S T OB ol iRc kARG 2 = 21 SBhancaly
UNSARERGTA CHBHeraiiasne® appiRsiude acrylate, methacrylate, alkyl methacrylate,

acrylamide, methacrylamide, vinyl, styrene, acrylamidoalkyl, methacrylamidoalkyl,
acryloxyalkyl and methacryloxyalkyl. Further, suitable precursors for free radically
polymerisable groups may be azlactones, isocyanatoethylmethacrylate (IEM), acrvioyl
chioride, methacrylic anhydride or methacryloy! chioride, particularly when the siloxane

macromonomer or siloxane reagent has a pendent alcohol, thiol or amino group.

Each K may independently be any biologically acceptable group capable of linking the
refractive index modifying group to the siloxane backbone. K may be a linear, branched,
or cyclic lower alkyl, which is optionally interrupted by one or more heteroatoms, such
as O, N or §, or functional groups such as, but not limited to, ester, amide, urethane,
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The composition can be injected into the lens capsular bag and then
cured in situ, for example, by visible or ultra violet light. The lens once
formed has a sufficiently low modulus that the ciliary muscles controlling
th can adjust the lens shape in the usual way, thus enabling the
Ieﬁlé,5 %@%:%%%modate. The present invention also encompa§§3§"fﬁ§0ﬂ§@i§?
the above composition as a biomedical device, preferably an injectable, in
situ curable, accommodating 10L. IR a further aspect, the present
invention provides biomedical devices, preferably accommodating 10Ls,
carbforatediffosattheoabO\(8ebiMpositidhe 2thAdvantagispusivy rhacsohsthdeders a
suncabiBeprasantinventiondligw:theRltdhe materiabiobe tallarehis, Higester,
. particular application required. Typically the RI will be higher than that
thiol 3l Cﬂ’fﬁ?éﬁ‘%red for the natural lens which the IDL is replacing, The ICL
may replace the natural lens, or a previously implanted IOL in the eye.
ProfeR IRl eI e BERl iSSP At BH 45 (RAP et ATEH 15 Sk (hE &y
atorbypfahersigtre molar perceatbge @PRIM groups in the macromonomer.
Desirably the I0L formed from the composition has similar physical

Prefehapatakisticevto altyealthy fatuak le(SHparticulatyheldsticitytddte 1, 2, 3, 4 or

5. MDRSIQRRNANETS '%gggrgpg{ have a viscosity before curing that

permits injection of the macromcnomers into a capsular bag. The viscosity

' bly | han 1 0 , | 8 0 cSt.
= o D S DT 5 007 ThOes Y o oo ap 2 800 e
of lifpiashtisniisrotAdiss !l RAMMSIITA A SIERHMBRAYa BLICRIGHT brsienTy a may
be £0RRRASIHOR RS (eserinetbakeveintoraitens capsid begrapttheneurgone

, heté%?a%%f‘ RASIR.Jhe Aresent in¥emion I%ﬁ%&%!gﬁ%%gb?ﬁg&sn gélﬁ%f‘%s%r,

refractive error including implanting an ove. 5 In one
8L R ERIBAIn RIS Th @ 1se ST CorgosRioHaaHer 21t may be
subslinefabiusefofi @ cpoupadatings Obufaratdhreeiing refsaatierateoni@ane,
Cark%%tgrtmg@]jmmg[ }gﬁgﬁg@qﬁiyﬁgggwer of an eye. The invention further

extends to an eye having an IOL formed from a composition as described

bove. The invention alsg e to th forming a medical
P o e B e T R e T # o
5. MREhPIBI AWYIdI§FeisHg matrdmonomers as described above.

Preferably the polymerisation is conducted in situ. Brief description of the
Suithizlev prefigere Toslaiptéidst pifagivpeehddlyagBe. aganienheaiconol and allyl
cycesgnyation of 15 tetramethyltetrapropylbenzene cyctotetrasiloxane in

mor/o in the reaction feed. Figure 2 is a plot of refractive index at 37C
LovRgaINSh 1. cancanlasion O et ISiEAR ORYRENZGNS to 4 carbon atoms

C clotetrasiioxane in mbl% in the reaction feed for‘gi reater concentration
WhiEd B i PO 6TS 5 Mo FRA Flot UFhE R P Pe: moiude meiny,
ethtetraopethyltstrapropyienzepe cyclotetrasiloxane 20 in feed against the
molar ratio of methylpropylbenzene siloxane units in the resulting
L ovwaaelisnanemen (astdetermmedtoychidi anatysis)gisaviting ecatibratioatoms
curye for determining. synthesi er tai ipti
e P e B S A hat
anGRAGATHY B GG form high refractive index polymers but also exhibit
desired mechanical and chemical characteristics, particularly when used
2 imgifretipie precarsers foran! Aceobtnrod4ting 10D sFpefreavire, ttterange of

frokefraetive gex of the macromonomers may be
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WO 20071128051PCTIA1120071000552 13 controlled during synthesis to
enable preparation of a rang- of polymers having various refractive
indices. The rnacromonomers of the present invention which are
d%&gﬁ?% aOQ(I)ve may be random or block type macromonomers. i
Typically. the macromonomers are random 5 macromonom&Fa/AU2007/006552
Macromonomers of the present invention may have a molecular weight in
the range of from 20,000 to 400,000,%referably in the range of from
40,000 to 200,000, and more preferably in the range of from 50,000 to
b is DOG@B0lY in tTheangewiionoierslohtht prewentiateatigniniayrbese of from 7
to 58¥ALNESisadRY ANy eHiable #2 method:kneywioindhe attiAn advantageous

method by which refractive index modifying groups and/or polymerisable
c 1o RHRIDRY DR B1SERECIO A IPKANS MANOTONAMAL BIAHSE %, e rane o
hydrosilylation reaction. For instance, using hydrosilylation, free ra |ca?ly
ffo”bé&ﬂﬁéﬁg%e groups and refractive index modifying groups are attached
_ to the siloxane backbone. 15 using allyl-precursors in methods known to
d istRerderaRinde retenar. A droex AnpleS pheliy 0 chorakse aii-préwrsage of
frono0 taet liketbaclude allyi benzene, styrene, allyl phenol, ally' phenoxy and
eugenol and free radical polymerisable functionalized allyl-precursors or

in oiherdike tnehedevallyidimetiyaciyiiciangyaliseeyrnate dehemed: alky!.

illustrates a hydrosilylation reaction and suitable reagents containing
i f(g{rhe.n%)lﬁt%;roups. 07/128051PCT/A112007/000582 14 Ph. Scheme 1 The
" IR PR £EUE TR RSO GYTRS HRG P PARIARying end groups

maydigmergablbegreupsoosing hyayokitlatEoirseactidios npayybetier tgroups to

incrBlREI QMORBMETSI WRIGR &rerSAlantiuRstionalzeth A5 sHBREG: when cured.
5 {Lh ctlonallzegl cyclic sllgxgne,lnterm diates before they are subjected to
uita B el

d1
F op &R BolyRieriSAiEH I8 %or the At MBIEHE!. SRiEBrR ¥ isoxane,
hexsittixddielintermediatesdorferibiivisdtization using thistégipraacioingiuie,1,3,3-

tetré@rﬁ@m@f@?ﬁ&ﬁ%@et@@m@%&@%iﬁmyﬁé{m&?ﬁ%@%miioxane 1,3-bis(3-

entamethylcyclopentasiloxane (D5H) or hexamethyl-cyciohexasiloxane
oD T D TE BTG and schemae GUSA B JaHGEn 1 5.3
tetrapgtoddsbeansubstitutinglifed Ydelicanythdiyintedishbly gisiopsrand and
diviFgftaeiiyeingeximegdifying groups, although the examples relate

specifically to phenyl containing refractive index modifying groups, through
hydrosilylation reactions, In the schemes, where figures such as "a=80,

As HQZ@@ apéw&m&gtﬁgsg)%%&%e RIM, Z, K, L"and R groups may vary with

the alternatives given in the above description. For example, as one skilled in the art
would appreciate, the macromonomer may be synthesised by substituting two or more
different ~K-RIM, ~K~RIM~Z or ~L-Z groups onto the siloxane backbone. Accordingly,
the invention does not require that svery RIM, Z, K, L and R group be identical in a
given macromonomer.

The macromonomer may oplionally be further substituted with groups having
pharmaceutical aoﬁvity or being capable of acting as UV or blue light filters,

pOEymerisation initiators, such as photoinitiators, thermal initiators or redox initiators or

biologically inert capping groups. Substitution with such groups, or cther suitable

groups, would impart these activities to the resultant polymer. The groups may be
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15 values for the various substituents indicated, In the schemes, a, b, c
and d etc do not necessarily directly correspond to the integers a, b, ¢ and
d as defined for Formula 1, Moreover, in the schemes, where a proportion
awb..6e8tcRf A macromonomer is reacted, the use of the sajpe, leter in the
reaction product macromonomer does not necessarily imply that the
reaction proceeded to 100% completion. Therefore, through WO
2007/128051PCTLAU2007/0011552 15 the reactions illustrated, there will
inevitably be some change in the relative proportions of the substituted .
incoraflkemdalkb IR EBRIBBAEAEY BrifiTaEhRIACh'TS ToPIEparcsaRE bY finking
throufiingionalisedkrrictomananmdv withusufficieatsilemns.fuhetionslioggo allow
introduction of both the phenyl groups and palymerisable groups. 5 For
in alstancesdbs, Siﬂﬁdﬂeﬁﬂé@@tiona&i@ad)ma@r@meaomeroi&;semmtﬁn‘ tiallgble into a
biom %Catfoé’]g(}%gd a?ug ée%é%§%é%%gf %gr(?mé% tggo%rganﬁwe biomedical

macromonomer |s y mo with ally! benzene, isolated, and then
deviderieitoramey wmpa@é@aﬁa affyiclervamPEHaTRS SRICACERY. bfﬁhé’“
comndatradicedradeobal-giaupsarefuribeanseof; tﬁeaﬂtadesqndl’ymas@tﬂmgfemps is

an 18M acting withy: S%@%!sv%%bét%c fe%%%s@mq eﬂwmaé%blscgmmmg

azlactone, ISocyanatoethylm thacrylate' (IEM), acryloyl chloride or
IOL. rﬁéﬁqa&fw%ypaﬁfﬁflﬁa% emSeAENAR! 29 1BFn RIRRE] S ﬁ@ f§ @ composition
curaﬁhdﬂ@iﬁﬁtdrﬁ&ﬁf@tﬂﬂ@ﬂmn&nmdwdeggmdsmmmgs foactiomalizationsagescribed

aboVACRIGY ?&?&8 3rpdniupeotalivi dervativesimay Bebydrosiylatedion
onto '[ e SI e macromonomer in one step For example a mixture of
includiry BGoPPEREHBIOBBTIRESS B AR SS 2

The composition can be injected into the lens capsular bag and then cured in situ, for
example, by visible or ultra violet light. The lens once formed has a sufficiently low
modulus that the cillary muscles controlling the zonules can adjust the lens shape in the
usual way, thus enabling the lens to accommodate.

The present invention alsc encompasses the use of the above composition as a

biomedical device, preferably an injectable, in situ curable, accommodating 10L..

in a further aspect, the present invention provides biomedical devices, preferably
éccommodating IOLs, formed from the above composition.

Advantageously, macromonomers of the present invention allow the Rl of the material
to be taillored to the particular application required. Typically the Rl will be higher than
that normally measured for the natural lens which the 10L is replacing. The 1OL may
replace the natural lens, or a previously implanted 10L in the eye. The RI of the I0L is
adjusted or “tuned’ to that required for treating the eye by altering the molar percentage
of RIM groups in the macromonomer. Desirably the 10L formed from the composition
has similar physical characteristics to a healthy natural lens, particularly elasticity. The
macromonormers aiso preferably have a viscosity before curing that permits injection of
the macromonomers into a capsular bag. The viscosity is preferably less than 150 000

¢St, more preferably less than 80 000 cSt.
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16 eugenol (11) and allyl benzene (4) or eugenol (11) alone is
hydrosilylated onto the silane macromonomer (5). The alcohol groups of
the eugenol are further used to introduce polymerisable groups by
reacti ' suitable substance containing polymerisable group such as
ae;?g)clt{tbgﬁyg%{&é?\/l, acryloyl chloride or methyacryloyl anhydridEFigr007/000552
examples of Z are given as Z1 and Z2. nr-OR ()Me (11) Pt Catalyst HO
ome Scheme 3 The relative ratio of fife hydrosilylated groups are
controlled in the product cy controlling the feed ratio of the starting
In auijsonerscrorersanpié, B¥ssiownirrgere me metioeoritrsiinentive feedi OL

inciuialiey ohatilchenzenmip engenel giwesiveacsemenamessamithopradistable ang
and contt}qollable m?ID/ ratios. {;\l{}/' bgnze e: eu?s ol fee [
Vet

ratio
then, cunng. composition, rhe presen / on_also ncludes tgiogs fing =2
l}heor Ical composition V\} o? resul ant macromanomer %: :fé.fé?f”ng @

refractive error including implanting an 10L as described above.

In one aspect, the invention includes the use of the composition in the manufacture of
an accommodating I0L for correcting refractive error in an eye, or maintaining the
refractive' power of an eye. The invention further extends to an eye having an 10L

formed from a composition as described above.

The invention also extends to a method of forming & medical device or prosthesis,
including an 0L, with a refractive index of more than 1.33 by polymerising
macromonomers as described above. Preferably the polymerisation is conducted in
situ.

Brief description of the drawings

Figure 1 is a plot of refractive index at 37°C against the concentration of

tetramethyltetrapropyibenzene cyclotetrasiloxane in mol% in the reaction feed.

Figure 2 is a plot of refractive index at 37°C against the concentration of
tetramesthyltetrapropylbenzene cyclotetrasiioxane in mol% in the reaction feed for &
greater concentration range than Figure 1.

Figure 3 is a plot of the molar ratio of teframethyltetrapropylbenzene cyclotetrasiioxane
in feed against the molar ratio of methylpropylbenzene siloxane units in the resulting
macromonomer (as determined by NMR analysis) providing a calibration curve for
determining synthesis parameters.

Detailed description of the embodiments

The macromonomers of the present invention offer the advantage that they may not
only form high refractive index polymers but also exhibit desired mechanical and
chemical characteristics, particularly when used as injectable precursors for an

accommodating JOL. Furthermore, the refractive index of the macromonomers may be
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¢=0.20 55 000 50:1 a=80 b=19.60 c--=0.40 55 000 25:1 0 b=1 920 =0.80
55 000 Scheme 4 5 Instead of parallel tunctionalization with mixtures of
similar phenyl functionalised allyl derivatives, parallel functionalization
c%rh%l( 9, 1 2 e place between dissimilar ally' derivatives, for example allyl
alcorol and aryl benzene as shown in Scheme 5. The alcoffé’?“é’?@ﬁﬁg/%ﬁ‘éw
then modified to introduce polymerisable groups (eg by reacting with
azlactone, 1EM, acryloyl chloride of‘methyacryloyl anhydride). truncaded
Slicet PEAJAU aea0, b=19.60, ¢=0.20, MW=58 000 a =00, 6=19.60,
controt@i40)ryMmBEsis to enable preparation of a range of polymers having various

refractive indices.

The macromonomers of the present invention which are described above may be

random or block type macromonomers. Typically, the macromonomers are random
Macromonomers.

Macromonomers of the present invention may have a molecular weight in the range of
from 20,000 to 400,000, preferably in the range of from 40,000 to 200,000, and more
preferably in the range of from 50,000 to 100,000.

The macromonomers of the present invention may be synthesised by any suitable
method known in the art.

An advantageous method by which refractive index modifying groups and/or
polymerisable group may be attached to a siloxane macromonomer is to use a
hydrosilylation reaction. For instance, using hydrosilylation, free radically polymerisable
groups and refractive index modifying groups are attached to the siloxane backbone.
using allyl-precursors in methods known 1o those skilled in the art. For example, phenyl
functionalized allyl-precursor or the like include allyl benzene, styrene, allyl phenol, aliy!
phenoxy and eugenol and free radical polymerisable functionalized allyl-precursors or
the like include allyl (methacrylate and allyl iscoyanate. Scheme 1 illustrates a
hydrosilylation reaction and suitable reagents containing phenyl groups.
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(39) Scheme 5 The pendent, alcohol functional groups may react with a
substance containing poiymerisable gmups as described above.
Alternatively they can be capped with inert groups, for example as

depicted i heme 6. Capping a portion of the pendent alcohol groups
w?#léi‘r%@?{lggrgbgps assists in further controlling the crosslinkinG‘dén$ity §100ss2
the final cured polyrn y reducing the number of free radically
polymerisable groups that are introddced. Furthermore, in some biological
applications it is advantageous to cap any remaining 10 free hydroxyl
groups-with-inert-grotps-se-as-to-any pg;g\ati%&éqﬁ?@ E@&T@ eous
interactions when in vivo. Alternatively, su¢h hyd®xyligmups areeiseful
sites for@iﬂg//other@?gjgﬁl‘fy active'¢dmponéist stich asférugs, UV
filtersia her appro e molecules, as descdbed above. WC)
2007/128051 a=a0, b01940, c=0.60, MW-e55 rim ag-30, b=19.20,
¢=0.2j30, =85 000 a=80, b19,40, c=0,60, M1/1cs55B0CG=30,
b=19/205,c=¢-80, MNTtt55 000 Scheme 6 In a further alterpative method
of inttoducing phenyl and potymeyisabis groups to a silane firictional:sad

macr Jmonomegt ro ion of polymerisable groups is 5 performed
in ong step al5hg he introdugtion of M&eqprbeyiy@glélés P&, uchea
method is depicted in Scheme 7 where a Eugenal-H| uctisiagded to
o . . |
m

the h duce théSolymetisa royipge
. Ph.
Scheme 1

The addition of refractive index modifying groups and free radically polymerisable

-groups using hydrosilylation reactions may be either to macromonomers, which are

silane functionalized, or to silane functionalized cyclic siloxane intermediates before
they are subjected to ring opening polymerisation to form the macromonomer. Suitable
cyclic siloxane intermediates for functionalisation using this approach include
tetramethylcyclotetrasiioxane (D4H), _ trimethylcyclotrisiloxane {DBH),
pentamethylcyclopentasiloxane (Ds") or hexamethyl-cyclohexasiloxane (D).

The following description and schemes describe various approaches to substituting free
radically polymerisable groups and refractive index modifying groups, although the
examples relate specifically to phenyl containing refractive index modifying groups,
through hydrosilylation reactions.

In the schemes, where figures such as “a=80, b=20" are provided, these are mol%
values for the various substituents indicated. In the schemes, a, b, ¢ and d etc do not

necessarily direclly correspond fo the integers a, b, ¢ and d as defined for Formuia 1.

. Moreover, in the schemes, where a proportion a, b, ¢ etc of a macromonomer is

reacted, the use of the same letter in the reaction product macromonomer does not

necessarily imply that the reaction proceeded to 100% completion. Therefore, through



WO 2007/128051 PCIYA112007/000582 \rl17 \--NH OCK3 ally!
bertzene:IEM-eugenol 25)1 Ka rs tedCs catalyst toluene, 40C .20,
¢=0.80, MVVe-55 000 (36) Scheme 7 In an alternative to functionalis ng
a@JJ}aﬂ J%nctonallsed macromonomer aforementioned, a cyclic m
intermediate’ monomer may be first functionalised with phentft 5“gt?0¢7/000582
polymerizable groups and then subjected to ring opening poiymensation.

In a preferred method trlmethylcyclo?@snoxane or
tetramethglcyclotetra&Io>cane (often also referred to as D3H or D411) or a

the SRRAMGNSITARERIAEL SHTel BRGEnoxen e ees Barkrand D63 tigfipstiyortions

of thenctietatze divithnhenbdngsandierpalymerisable groups. Then the
functionalized cyclosiloxanes are ring opened to obtain the desired

OnBFRRMNRESHIOcentisiR hetbRAmadiying.and pelymenzaieient siane
fungnrgrlmjeﬁﬁy to allow introduction of both the phenyl groups and polymerisable groups.

5 Forinstance, the silane functionalised macromonomer is sequentially functionalized as
depicted in scheme 2. For example the silane macromonomer is firstly modified with
allyl benzene, isolated, and then functionalized with a second allyl derivative such as
allyl alcohol. The introduced alcohol groups are further used to attach polymerisable
groups by reacting with a suitable substance containing polymerisable group such as

10 azlactone, isocyanatoethylmethacrylate (IEM), acryloyl chloride or methacryloyl

anhydride,
H \,S/i“O\ H
0._H 4
\cp’s' §1& L g HMDS TMSC / ol | o
H St 'S%tsﬂ) ‘““;;5;‘** S{ S& MS
© ,91 { . b
@ (8)

t4)

TMSO—/ /O A/ /054}* \ O (g
T ‘ c\ i 7{3\7&45

Pt Catnlyst a2 \ Pt Catalyst

O @)

Tmsofs\{/otés//oi{s/ /O%MS

wsof{,foﬁs.//%s/ —0 - W;M$

{10}

Q

L

=
Scheme 2

Alternatively, the silane functionalised macromonomer undergoes paraliel
15 functionalization as depicted in scheme 3. A mixture of allyl derivatives may be

hydrosilylated on to the si}an’e macromonoimer in one step. For example, a mixture of
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An example of this is scheme 8 which shows the synthesis of eugenol
functionalised 04 (D4E). O4E. is then ring opened in the presence of
octamethylcyclotetrasifoxane (04), ally' benzene functionalized
tetramethylcyclotetrasiloxane (D4AB), and end group
h&{£éththsiloxane (HMDS) to give the premacromononF2agyio7/000ss2
Polymerisable 15 groups areS attached to the alcohol groups of the
eugenol by reacting with suitable polgmerisable molecules (eg aziactone,
IEM, acryloyl chloride or methyacryloyl anhydride). Two examples of Z are

eug@iveriid$ ZddaaityiZ22=nSehenre dAaariey ¢f phenyldusclionakiggdteycliots the
s,;a@'%@asmamls@eﬂ@pa&%ﬂm grahems %%h%wgén& Sé’%t*}ﬁﬁl?'ePf@'M o

benzene and ally' methylacrylate functionaiised 5 %)Qosn oxane (ate and

Introgiech, ROSER (7). SEWRINEY FERTBINHbFaspicakn ﬁwfél‘%%?bé%f%%amg
po{mmmegmx@l&am sioxattecpolymEEs], Ireadditionctochimetionatisédracryioyt
anh§YGRSieraneAfkisadded to e dng opening mixture, such that phenyl
groups are introduced to the macromonomer by ring opening
polymensatlon and polymerlsable  groups are introgduced b
fun thha f5| ane grotipg(i the ma g&m
™SeHe gal Etart routes, the\pol sa yrou és
are |n éne or multlpie steps Two examples of are gl en as
71 and 72, W)O 2007/128051PCT/A U2007/0005g2%3 ) t Catalyst
Scheme 10 Alternatively, the introduction of phenyl and {olyme
groups to the , Monomers is performed in one step by rj
a phenyl f acﬂmdhg%g

Pt Catalyst AlElEMtO r

Zlagctone
¥
TMSO~< S\/oj\f ,»ol\ / /] j
™so~L /0 O
T
(12) a o d
(14)
HO  OMe J
|

0 DOWMe

[EM or Azlactone

™ sofsé/cjj {/OZ‘GS{/OfMS 1. T H\/\oﬁ\f

(141 72 )an/\

AN
/
HO  OMe 2O Due

Scheme 3

The relative ratio of the hydrosilylated groups are controlied in the product by controlling
the feed ratio of the starling components. For example, as shown in Scheme 4,
controlling the feed ratio of aliyl benzene to eugenol gives macromonomers with

predictabie and controllable mol% ratics.



5 cyclosiloxane and a polymerisable group functionalised cyclosiloxane in
a mixture with an end group blocker, eg divinyitetramethyldisiloxane
(DVTMDS), as shown in Scheme 11. Advantageously, the ratios of the
components in the final product are able to be controlled by controlling the
feed ratio of the components in the ring opening polymerisation step.
Scheme 11 Scheme 12 illustrates another example of a one step'
synthesis. IEM-eugenol adduct (26) is first prepared then req%ed itk
D411. The IEM-eugenol D4E1 derivative is 5 then ring opene h D4AB,

D4 and end group blocker DVTMDS to produce a polymerisab

macromonomer of high refractive index. WO

2007/ 1

TM

phe

cheme/12 Schemeili8-shews-astwo ste

rivative is/firstr

etEared by hydrosuylé

D4H with aIIy} phenol The unctic |ona |;ed 5 cyclosi
opEHed With'Es4 48, D4 and an end group The phenoiic hy oxyls are

index. 26 \-\"-OM e

oxene

{051PCT/A112007/000582 25 0(25) Sn CatfflystONle Pk Catalyst
e

ynth Si EgAn the DoII

Io&an 3 )| bthe\n rlmg

capped with IEM to afford a polymerisable siloxane of high refractive;
N/

MS

allyl benzene: eugenol

theorstical composition | MW of resultant
feed ratio ol % macromonomer
100:1 a=80 b=19.80 ¢=0.20 55 000
50:1 a=80 b=19.60 ¢=0.40 55 000
251 a=80 b=19.20 ¢=0.80 55 000

5 Instead of parallel functionalization with mixtures of similar pheny! functionalisad allyl
derivatives, parallel functionalization can also take place between dissimilar ally!
derivatives, for example allyl alcohol and allyl benzene as shown in Scheme 5. The
alcohol groups are then modified to introduce polymerisable groups (eg by reacting

acryloyl

with

azlactone, IEM,

Scheme 4

chioride  or

Amended Sheet
FPEA/AT

methyacrylovl

anhydride).
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(29)  Scheme 13 In an alternative method, a cyclic intermediate
monomer functionalised with only one 5 refractive index modifying group
(RIM) or polymerisable group (Z) (monofunctionalised cyciositoxare) may
be fo nd then subjected to ring opening polymerisation. In a )
p?é#e{rgr%ﬁdg r@@%hod dic.hbromethyisiiane is functionalise.d with“a faf&ctiyess?
index modifying group fag phenyl or fluoroalkyl group) or a polymensable
group. The resulting compound is th&n reacted with a 1,3-10
dihydroxyletrarnethyldisilaxartetoformamonofunctionalised
pentamethylcyclotrioiloxane. Alternatively,-dihydroxyletramethylalO iloytane
is mend ed Shett U'E.A/AU 27 reacted with dichloromethylsilane t0 form
pentarpethyicy loane, wHikI f&€54& 8 HEtly functi?nalised with a‘phenyl
140 é{%ﬁsﬁg oup. Aiterfi@tivety  _ -© 40 /i/o~ o
monofunctionalcyglotétrasiloxanesmaybepreparedbyusing\5- REAL
dihydroxyhexamethyltrisiloxapg.instead of
12388k d%ytetfAmethyldisiloxane in the 5 above-mentione
addition&ifunctional derivatives may be prepared by usiag dichlorasilane
instead of dichlommethylsilane. Then the phenyl and p erisable,
functionalized cyclosiloX are ring opened in the_?resence of D4 to

4
obtain the desired macrgmenomer containing 5@%5? 8&%&%&%@%&8&38

polymerizable grou% n exampleqf;yi{scheme 14 $scheme 14
o) 1ol

reaction. In

uene

e

TMS“’OKLS\!L O“Z‘{ '1//O>b*<§/°}cms

r.t

19.80, u=0.20, MW=55 000
19.60, ¢=0.40, MW=55 000

Scheme 5

The pendent alcohol functional groups may react with a substance containing
polymerisable groups as described above. Alternatively they can be capped with inert
groups, for example as depicted in Scheme 6. Capping a portion of the pendent alcohol
groups with inert groups assists in further controliing the crosslinking density of {he final

cured polymer, by reducing the number of free radically polymerisable groups that are

- introduced.

Furthermore, in some biological applications it is advantageous to cap any remaining
free hydroxyl groups with inert’ groups so as to minimise  any potentially
disadvantageous interactions when in vivo. Alternatively, such hydroxyl groups are
useful sites for binding other biologically active components, such as drugs, UV filters

and other appropriate molecules, as described above.



WO 20071128031PCT/AU2007/0005N2 28 The refractive index of the
macromonomer can be tuned to the desired level by adjusting the molar
ratio of refractive index modifying group substituents in the
magramengiier. When functionalising a macromonomer hay, Msjlzlﬁa(}r}%00 X
groups the relative ratio of the 5 refractive index modifying group reagen%g
and the free radically polymerisable group reagents can be controlled to
provide a predictable level refractive index modifying group substituent in
the macromonomer, Alternatively, when previously functionalised
cyclosiloxanes are used in a ring opening polymerization tH&> Adtive

index of the macromonomer may be tuned by adjusting the

between the 04Are molar Y48 i A& ¥&Aaction feed and the refractive
TM@%@%%%%acrorﬁ%h%ﬁ?ér at 37C-F /I@bexs;ie@(z/“e,@ t i/oj\
relationship/allows ané manyfagturing,a biomed al de jice\sugh ds an,ld"®

to reliably produce a polymer, having.a particular desired refractive index.
Thig* s 1% pafticUi%rly advantageous in optical applications. Further, in

order to fimely control the molar ratio of the refractive ind
group and thus the refractive index of the macromonomer

the ring opening polymerization may be accourted, tere Kiguseo3shessia
calibration cﬁrjﬁ&,t‘,@tween the molar ratio of the Tettattive ifdek Mbafifg
group, in this casg.Q4A%Cgl the fueﬁ'd/zof{h)or?jontal axis) and the molar
ratio of the refra€tive yagex modifying grou hbﬁ\l%’; ) in the :
macromonomer (ver axis). The molar F4tfe° of re?ractive index

modifying group incorpoxated in the macrorionomer may be determined
by NMR analysis, The {nacromonomers of the present invention may be

curgg\&a_/f/rg r dl/ggkp | me isation to form crosslinked polymers. Known
roces )ZE%

Wainn a rse 25 form the crosslinked polymers. The
crossliniting process’i% preferlbly carried out in such a way that the
resuUlting network polymer is free or essentially free of undesired
constituents. A particular undesired constituent is starting

macromonorm hat have had none of their WO
2007/128051PCT/A132007/000532 29 polymerisable groups incorporated
intogﬂﬁ& ﬁé&é@)ﬁ%ﬁﬁdﬁ%ﬁéﬁ@é’h are potentially extractable from the resulting
network polymer after cure. In the case of photo cross-linking, it is
expedient to add an initiator whighis.gapgable of initiating free-radical
crosslinking. It is preferred that the initiators are activated by light in the

In %{iﬁi&)ﬂ%%@%@%ﬁfm@w@%a%%ﬁ%f&&?ﬁ%% groups 1o a

__frequencies to cure the polymer that are not harmful to the eye or retina.
SR AT REED! HARASINAME th&'BelSBRGIRY iRt FieEsalsIeoroups s
peihotednitiator stebielmayitb ehm entionedspetifieglysae drengeits;csusmasod
is MQ&W%E%&H@GW%:@ a Eugenol-lIEM adduct is added to the hydrosilylation

mixture to introduce the polymerisable groups.
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such as benzoin methyl ether, benzoin ethyl ether, benzoin isopropyl ether
and benzoin 10 phenyl ether, and benzoin acetate; acetophenones, such
as acetophenone, 2,2- dimethmacetophenone. and

?h%l; (Bacetophenone benzil, benzil ketals, such as benzllhl/fglmethx
keta en2|l diethyl ketal, cam pincrquinone, anthraqumonesmé?ﬁgﬂ &
2-methylanthraquinone, 2-ethylanthraqu inane, 2-tert-butylanthraquinone,
1- chloroanthraquinone and 27amﬁ§nthraqumone furthermore
triphenyiphosphine, 15 benzoylphosphine oxides, for example
2,4,6-trirnethylbenzoyl-diphenylphosphine oxide;}gﬁn homologues such
as Eosin Y, Phloxine, Rose Bengal and E-rythroSin; genzophenones, such
as benzophenone and 4,4i-bis (N,Ndimethylamino)benzaptienone.;
thioxanthones and xanthenes; acridine derivatives; phena;me decw@tlves
guinoxaiine derivatives and 1-phenyl-1, 2-propanedione 20 bef
oxime; 1-aminophenyl ketones and 1-hydroxyphenyl ketones, ch as 1-
hydroxycyclohexylphenyl ketone, phenyl 1-hydroxyisopropyl ketope,
4 |sopropylphenyl 1-hydsoxeytsoprgpybseshydroxylso ropyl ketone

roxyethox;zs)phenyll metp},g
TMSI ph‘(aﬁ\y rox ety {égg n:l-qnel*&nd 2 2idi TMS

2- dlphenylethanone all of which are. "known compounds Partl Iarly
seitabie photoiitiators, which'&re’l usually used with V|S|blez|ght sources

are IRGACUREB619;-Eosimhomotogues-such as Rose Bengal, Eosin B,
and fluorones such as 9“%47@ H- N\j%?; and derivati Particularly
suitable photoinitiato.r ichy are re ustial sed with UV lamps as light
WO 200712805 200?/000582 30 IRGACURERE) 1840 AW=55 000
particularly preferred photoigitiatis:dRGACURE(r)819. Th&%hotoinitiators
are added in effective amountgzgexpediently in amounts from about 205 to
about 2.0% by wetghtr-partiettar-from6-1t0 0.5% by weight, based on
the total amount of cross-linkable macrornonomer, In addition the
photoinitiator can be incorporatetdi¢fatted onto the polymer backbone.

Such immobilisation of the polymer has the advantage of reducing the
in  availab#ityetiphdtoirfitieetionelitnges drorsilentradioativostietfte. MReromMonomer.

afo ré%%ﬂmfearoasalmm%rma@mamma;bsd Firecdusebidmsadnathheny!

u§|n E_?ods onwg rtggﬁsguh éc5ntgarpcular converg)t}org(z%lnsatcm n a
or ‘?ﬂé( r%f’ar%le rop WISE. Tternatlve gthe mac?ow% orners'may

prerbea:um&m@utum&m@@m@wr@c@g@@ﬁﬁw jeetabRS OB (Bifgn also

refefi@@adhe mﬁcmmm?ml?rémgma%orwiml@dg@ ﬁ?@idﬁﬂl@x@%?s(dﬁg afigt and
AN {1[0] €, Cross-linkKa acromonom S wnicn are itaple In
D e I e TS S LR Soclm By o Setoh oy T e
fundtivnsiing drosehsioranRiGhe foneeanphe émabﬁmﬁvﬁeéﬁ%,e@( -FasEouYnemer
comdiS ighbiereleciiamapnstiesaiationns gaiise radiation having a
wavelength in the range from about 230 to 750 nm. Also suitable are UV

An lBORSIHERE 19@‘?@&%‘&5?@%@%@«9%@%@%@9@% %55%%@%{3 fised D
Dbeams with multiplied frequency. It is known to th %ﬁarrson sklied in the

art
(‘34thé?@é%%&l@ﬁ@eﬂpﬁaﬁ?éBG?@@F@&%ﬁr&%éﬂ@@%ﬁ clpiraEsLRsH)e | o, el
bersensitisatiotivotizedsuitatoierpliotoinitiatbr sitdxas 20 bﬁé‘ﬁ)rewghlseddha@roup
hexcrossfﬁo%ﬁgéﬁ@e HepHsef pengiraton of the-radiationielo 18 polymerisable

nkable mecromonomer and the rate of curing are in direct

grogpireratisharitActie AsGHREbH GRtheictt BidLEREBhRYLIGH S theth suitable

po ph@i@mttat(aﬁo@wlag neghtzalsotdres actiigveddyiemploldrigeone anatoracofioy!

ant! ?3 %i% xgegggggglgpénlgg%slg%g 4he crosslinking can also be

lated ther ally. It should be emphasised that 25 the crosslinking can

take place in a very short time in accordance with the invention, for
example, in less than hvelve hours, preferably in less than an hour, more
preferably in less than 30 minutes. In forming the polymer, the
macramonomer is preferably used without the addition of a comonomer
although a comonomer may be included. While generally the polymers of
the present invention do not usually involve the use of other
macromonomers, these



31 may be optionally included. Preferably the polymers comprise at least
500/u, more preferably at least 80%, by weight of macromonomers of the
present invention. Macromonomers of the present invention may be
u%‘(;(gzg%}‘%m]biomedical devices, preferably ophthalmic devices. Such
devices inclide 10Ls, corneal inlays, corneal 5 onlays, contacH/HEaag000ss2
and artificial corneas. In a preferred application, macromonomers of the
present invention are used to form %ﬁjectable, in situ curable,
accommodating 10Ls. In this application, the mechanical and optical
properties of a cured polymer of the macromonomer§re/Pféferably
selected to match or restore those properties of the nal biological
material of the lens. 100ne relevant mechanical property Jor 10Ls is the
Sy OMe - -
flexibility of ,such a poly%able flexibility enables theciliary J_o
muscle/cilizrychody ane’ l¢s Bf the accommodative agmagétus of 'hg( H
O,- fe . . i NN S
eye to madify tfie shape of a+ens filled with them tg_us}prowdlng
accomm c'ia{jgn. Flexibility: isumeasured by, its gtasticity moduilus. The
polymer shear fodulus is a related property thahanay he, measured also.
Both can be measured as the 15 force required to deform a preduct, such
as a lens, formed by the polymer by measuring stress against-straiffThe
shear modulus of the polymer of the invention may|be measured¥y a
Micro Fourier Rheometer. A Bohlin controlled stress rQeSometeAg may also
be used, For an injectable, in situ curable, accomodeﬁﬁg‘IDe“h%‘@pplication
of this invention, the shear modulus measured by a Micro Fourier
Rheometer is preferably less 20 than 10 kPa and more pféferably less
than 5 kPa. The modulus is influenced by the number of polymerisable

Qroups pey mactompnomer chain, ie crossh it }4 And 3 Average
msp%] ﬁngﬁlﬁ% bmg\s/‘/e%?}ﬁpmﬁon oFthe epoIyz‘l‘ﬂ;;:‘(rgr/salb ;\gi&ou;fgﬁ"t) oﬁ}cﬁms

polymerisa grofJ .Generallyras*ﬁ're—rrumberofpoly erisable groups

per macromonomer molecule decregses ordhe average spacingjbetween
ponm%Hsa > 25 ups increa f5l(xalsfad‘lc‘rﬁe;tfron of theTmon [
proportions)the elasticity of tﬁézived polymer decreases. )
optical property for an 16L i the RI of;the polymer. The®l at 37C may be
in the range of from greater han/fﬁ@tﬁa’km, preferably in the range of
from 1.41 to 1.5, more prefe&ably in the range ofifrom 1.421 to 1.444, and
most preferably in 32 the range or from 1.426 to 1.440. The RI may be
hosen depending on the refractigerighéreated by the 10L. When used as
an injectable material the macromonomers should have a viscosity less

A vihan $PEHER0 rRl-apshmereptaterahies sibpR 0 R0NeRHet 25 'C. 5

Instruments such as the Brookfield rheometer or the Bohlin controlled

sorsltess hegmetermaye convenients ised foxviscRaty Ansasremetsailted

will be appregiated that while the macromonomers of this invention may

5 cycgaigatrdidne 85%dim g IEREEEHR other biocompatible materials, other
materials may also be present in compositions used to form the
biomedical devices. For example, 10 diluents may be present as well as
other monomers, including other macromonomers, as discussed above.
Other additives to the magromonomer precursor, which may be free or
grafted onto the polymer backbone, can include ultraviolet absorbers and
pharmaceutically active compounds, such as those that inhibit or kill the
cells associated with POD (Posterior Capsule Opacification), 15 When
used as an injecJable, in situ curable, accommodating 10L, the
composition including macromonomers of the invention may be introduced
into the lens using an operation that is in many respects identical to a
current cataract extraction and IDL implantation technique (e.qg.
extra-capsular extraction procedure) with some minor differences,
Generally, a small corneal incision is made at the para-limbal region to 20
provide access to the anterior segment. Following dilation of the pupil
using a pharmacological agent such as atropine or cyclopentolate, a small
capsulorhexis (around 1 mm or less in diameter) is made manually at the
periphery of the anterior capsule. Through the small corneal incision and

peripheral mini-capsulorhexis, the lens core (including the cortex and
Nniiclarie) are avtracted The compocitinn incliidino




5

25 macromcnomers of the invention is injected into the intact lens capsule
using a fine gauge (e.g. 29-G or finer) cannula and syringe to reform the
lens. The composition is then cured, such as by exposure of the eye to
viajglzem%lu%r,a violet light.  Following such ‘techniques and by selecting
appropriate characteristics, such as Rl and mod us, 10Ls foPfedUai 00582
macromonomers of the present invention may be 30 :
usedtotreatpresbyopia,myopiaorhypé&topia, Amended Sheet Ifl AJA WO
2007/128051PCT/AL120071000582 33 Examples Example 1 -
Preparation of functional cyclic siloxanes by hydrosilylation of
1,3,5,7-tetrarnethyicyclotetraslioxane (D4H) The prodtct obtained by
hydrosilylation reactioniloxane compound representedby 5 the following
scheme:, Example 1A - Preparation of a cyclotetrasilgxane monomer

functionalized hy aIInyate (Dr) 2g of ~./
tetra thy Cchotetra”s/ilox (04™) was dissolved in qﬁjr%@i/iz/d@@é@ie
in a°1§) roung bottom flaski®quipped wiW%e Ser. To this
solutionowas added 10 dropsi¢®.18009) rstedt's catalyst ([Pt] e-
3.4x10-5 molfin1). The flask was shrouded in aluminiumfoil toexclude
light, 4.62g o%istilled allyl methacrylate was added dropwise from the top

of the condenser. The solution was then heated up to 6 r 18 hours.
Analysijs by N %@E’Q'a"aﬁg the reagtionlto be complete. Thé solvent and
resi ¥ thacryiate were r moved under reduced pressure at
‘room temperatyre.\The product was taken up in 50m1 of dry toluene and
stored at IH NMR spectroscopic data for D4AIA is shown in Table 1.
Example 18 - Preparation of a cyclotetrasiloxane monomer functionalized

by allyl benze,ne (D4AE>1E) WO ZOQ/gr]Cg\8/051PeII/AM 7/ 34

i 0
P z’\ o)

20

O

S

Scheme 9

A combination approach may also be used to prepare the desired siloxane polymers. In
addition to functionalised cyclosiloxane, D™ is added 1o the ring opening mixture, such
that phenyl groups are introduced to the macromenomer by ring opening polymerisation
and polymerisable groups are introduced by functionalization of silane groups in the
macromonomer as shown in Scheme 10. Again similar to the above routes, the

polymerisable groups are introduced in one or multiple steps. Two examples of Z are



9.7469 of D4K was dissolved in 10m1 of dry toluene in a round
bottomequipped with an air condenser and a drying tube. To this solution
was added 0.202g of Karstedt's catalyst ([Pt]= 3.4x105 mol/m1). The
sQluti _heated while stirring to 50C, A solution of 24.64 i
aﬁ{/ b@r&%ﬁ%%?n 45 ml of dry toluene was added at such a 5?§Fé@§“ﬁ8’msgz
maintain an internal temperature of 58-60C. After the addition, the
reaction was stirred for an additionat3h and then cooled to room
temperature. 2.0g of activated carbon was added and the mixture was
allowed toéﬁ; for 45 minutes, The suspension was filtered through Celite
and the solyént was removed under reduced pressure to obtain the crude

product that was then re-dissolved in 1%“% fgl% oIF?ne and+10
precipita /éqoby pouring int%b;a%Og}JTDof meﬁw%@kw@is irrﬁ’1¥ ih’éh}th\es
recipitate W\a‘saliom@tosetd’eﬂﬁef-the sup ratant was/decantéd. The
@éﬁﬁ:ﬁ;{% ﬁs dried o constdfit'mass to obtain the preductas a
colourless 6i| (15.911 1H NMR spectroscopic data f 4shown in Table
1. Examples 1C to 1J 15 Additional functionalised cyefic monomers are
shownin T 1. Those of ordinary skill in the art would.kng that these
products coutd be prepared using a variety of catalysts ang in a range of

different temperatures. Typically the functionalised cyclicqpgnomers were
prepared in toluene using a small excess of the allyl derivative (usually 4.5

molar equivalents to 1 mole of D4J;1) at.room temperature to 70C with a
§ME@?&%€ 2 lll;ua?gd Ptmwgfé:%ﬁﬁa SIQ?QS

! I M i MS
catalyst), Reagents\far ex nmpfes 1H and 1.1 were prepated)as lqws;e

Synthesis of afllyi phenol for use in the synthesis of example 1H solution of
Boron tibromide (3,3ml, 0.035mo1l) in dichloromethane ( 1) wa
added drop to t1%& solution of 4-allylanisole (4.00g, 030269molin
diehleremethane{45m06-25 which has been cooled to -76C in an
acetone/dryice bathJ1 :;Le reaction mixture was allowed to warm to room
tenfperature and stitred far 24 hours. The mixture was diluted with
dichlornmethage (20m1) then cooled to -76C before adding saturated
sodim ¢ oiution and adjusted the pH to 7-8, water (30m1) was
added to aid mixing. WO 2007/129g05.1PCT/AU20071000562 35 The
mixture was extracted with dichloromethene and solids removed by
filtration. The organic fraction was;washed with saturated sodium chloride
solution, dried over magnesium sulfate, filtered and solvent removed to
Ait&h"a(?s\?’e?{% ogown, ail, 3,096, 83¢6. g%%g“ %Q‘_'X;B%f( HeAined & IOdUESS e
and no“purification was attempted, 5 Synthesis'o

MaEeEPARBEHE I PRTAHERIdte eRRiIVERRe R EDgerRITHOURPIIEIE Bilitsgiised

cycfsexamplerta polymerisable group functionalised cyclosiioxane in a mixture with

& V4

an end group blocker, eg divinyltetramethyldisiloxane (DVTMDS), as shown in Scheme
11. Advantageously, the ratios of the components in the final product are able to be
controlled by controlling the feed ratio of the components in the ring opening

polymerisation step.



Dibutyl tindilurate (100).L1, 23mg/m1 in toluene) was added to a solution
of eugenol 0.0305mo1) and isocyanatoethylmethacrylate (4.749,
0.0305mo1) in toluene (50m), dried over CaH2). The reaction mixture was
St oom temperature for 9 10 days after which it was added
dgg;?v?/??é{fr?%lGOOml of n-pentane and the precipitate was coneStEIdHYEr>
vacuum filtration to obtain a white powder, 8.65g (89%). Table 1:
Examples 1A to 1.1 showing-tionails&tl cyclic siloxane monomers

Example R= 1234 1A5 0.0950 (m) 0.5631.688 7(m)1 2(m) 1

O %L =
= ] P
; s inoN

o ~sira. / 1/
\\\J\O/\/\Cﬁ\ g‘\/\/ow/& > M g \/\/®

/SlO"‘ i\ ) O~ Ny
g (18)
21)
O DVTMDS
Dy
/ VO oM o/
//;\\SE\,O\%S{/O‘K&/O 51/073\%\/\

| ;
(25) o
w(o
Scheme 11
Scheme 12 lllustrates another example of a ‘one step’ synthesis. IEM-eugenol
adduct (26) is first prepared then reacted with D4 The IEM-eugenol D derivative is

5 then ring opened with D%, D, and end group blocker DVTMDS fo produce a

polymerisable siloxane macromonomer of high refractive index.



1 4,070 1(m) 1.914a: 0(s)5.5163(s). : b703(s ) 1B 555 0.091 0 (m) 4(rn)
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Scheme 12

Scheme 13 shows a “two step’ synthesis. Another D, phenyl derivative is first prepared
by hydrosilylation of allyl phenol with D, with allyl phenol. The functionalized
cyclosiloxane (31) is then ring opened with D4*°, D4 and an end group. The phenolic

hydroxyls are capped with |EM 1o afford a polymerisable siloxane of high refractive
index.
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Scheme 13

In an alternative method, a cyclic intermediate monomer functionalised with only one
refractive  index modifying group (RIM) or polymerisable  group (Z)
{monofunctionalised cyclosiloxane) may be formed and then subjscted to ring
opening polymerisation. In a preferred method dichloromethyisilane is functionalised
with a refractive index modifying group (eg phenyl or flucroalkyl group) or a
polymerisable group. The resulting compound is then reacted with a 1,3-
dihydroxytetramethyidisiloxane {6 form a “monofunctionalised
pentamethylcyclotrisiioxane.  Alternatively, 1,3-dihydroxytetramethyldisiioxane is

Amended Shest
FEAAU



55 1C5 -OH 0.042 0484 (m) 1.536 7(m) 3.466 6(t) | 4.27 4(s) WO
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reacted with dichloromethyisilane to form pentamethyloyclotrisiloxane, which is
subsequently functionalised with a phenyl or polymerisable group. Alternatively
monofunctional  cyclotetrasiloxanes may be prepared by using 1,5-
dihydroxyhexamethyltrisiioxane instead of 1,S-dihydroxytetramefhyldisi]oxane in the
5 above-mentioned reaction. In addition, difunctional derivatives may be prepared by
using dichiorosilane instead of dichioromethylsilane. Then the phenyl and
polymerisable functionalized cyclosiloxanes are ring opened in the presence of Dy fo
obtain the desired macromonomer containing both Ri modifying and polymerizable

groups. An example of this is scheme 14.

Ve /
| | orsra a—o .
4 H N
HO = Si— 080K ———the 5i
| \ RN 2
S0 T

R = refractive index
modifing group or
polymerizable group

. : | f
— Me HO=SIm0=S=OH  ~_ /
W , /
e &——\—‘R CI-Si-Cl ! | Si—0

Ci=gi=C| - ' - / \ TN
H R = pheny] or ethﬁf/Et3N O\ /SI\\
polymerizable group R .t 3h 8

’?'O !

Scheme 14
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36 '10 ,6 50H 7 0.05610510 0(m) 11.5121 3.400 ,| m 3.496
3.6786(m)2.7751(s) IE 5 0.075 0.4590.891 1.420 2.120

WO 2007/128051 PCT/AU2007/000582
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The refractive index of the macromonomer can be tuned fo the desired level by

adjusting the molar ratio of refractive index modifying group substituents in the
rmacromonomer,

When functionalising a macromonomer having silane groups the relative ratio of the
refractive index modifying group reagents and the free radically polymerisable group
reagents can be controlied to provide a predictable level of refractive index modifying
group substituent in the macromonomer,

Alternatively, when previously functionalised cyclosiloxanes are used in a ring opening
polymerization the refractive index of the macromonomer may be tuned by adjusting the
concentration of the refractive index medifying group substituent in the ring opening

reaction mixture. Figures 1 and 2 show the relationship between the D4*® molar ratio in

‘the reaction feed and the refractive index of the resultant macromonomer at 37°C. The

existence of this relationship allows one manufacturing a biomedical device, such as an
I0L, to reliably produce a polymer having a particular desired refractive index. This is
particularly advantageous in optical applications.

Further, in order fo finely control the molar ratio of the refractive index modifying group
and thus the refractive index of the macromonomer, efficiency of the ring opening
polymerization may be accounted for. Figure 3 shows a calibration curve between the
molar ratio of the refractive index modifying group, in this case D%, in the feed
(horizontal axis) and the molar ratio of the refractive index madifying group, D42, in the
macromonomer (vertical axis). The molar ratio of refractive index modifying group
incorporated In the macromonomer may be determined by NMR analysis.

The macromonomers of the present invention may be cured via free radical

polymerisation to form crosslinked polymers. Known curing processes may be used to
form the crosslinked polymers.

The crosslinking process is preferably carried out in such a way that the resulfing
network polymer is free or essentially free of undesired constituents. A particular

undesired constifuent is” starting macromonomers  that have had none of their
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polymerisable groups incorporated into the network and as such are potentially
gxtractable from the resulting network polymer after cure.

In the case of photo cross-linking, it is expedient to add an initiater which is capable of
initiating free-radical crosslinking. It is preferred that the initiators are activated by light
in the visible spectrum rather than UV range as this enables the use of frequencies to

cure the polymer that are not harmful to the eye or retina.

Examples thereof are known to the person skilled in the art; suitable photoinitiators
which may be mentioned specifically are benzoins, such as benzoin, benzoin sthers,
such as benzoin methyl ether, benzoin ethyl ether, benzoin isopropyl ether and benzoin
phenyl ether, and benzoin acetate; acetophenones, such as acefophenone, 2,2-
dimethoxyacetophenone and 1,1-dichiorcacetophenone; benzil, benzil ketals, such as
benzil dimethyl ketal and benzil diethyl ketal, camphorguinone, anthraguinones, such as
2-methylanthraguinone, 2-sthylanthraquinone, Z-tert-butylanthraquinone, 1-
chioroanthraguinone and  2-amylanthraguinone; furthermore {riphenyiphosphine,
benzoyiphosphine oxides, for example 2,4,6-trimethylbenzoyl-diphenyiphosphine oxide;
Eosin homologues such as Eosin Y, Phioxing, Rose Bengal and Erythrosin;
benzophenones, such as benzophenone and 4 4'-big (N,N-

dimethylamino)benzophenone; thioxanthones and xanthenes; acridine derivatives;

.phenazine derivatives; guinoxaline derivatives and 1-phenyi-1, 2-propanedione 2-O-

behzoy! oxime; 1-aminophenyl ketones and 1-hydroxyphenyl ketones, such as 1-
hydroxycyclohexylphenyl ketone, phenyl 1-hydroxyisopropyl ketone, 4-isopropyiphenyl
1-hydroxyisopropyl 1-hydroxyisopropyl ketone, 2-hydroxy-I-[4-2({-hydroxyethoxy)phenyl}-

- 2-methylpropan-1-one, -phenyl-2-hydroxy-2-methylpropan-1-one, and 2, 2-dimethoxy-

1, 2-diphenylethanone, all of which are known compounds.

Particularly suitable photoinitiators, which are usually used with visible light sources are
IRGACURE®819, Eosin homologues such as Rose Bengal, Eosin B, and fluorones

such as H-Nu 470, H-Nu835 and derivatives.

Particularly suitable photoinitiators, which are usually used with UV lamps as light
sources, are acetophenones, such as 2,2-dialkoxybenzophenones and hydroxyphenyl

ketones, in particular the initiators known under the trade names IRGACURE®6E51 and
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IRGACURE@184. A particularly preferred photoinitiator is IRGACURE®813. The
photoinitiators are added in effective amounts, expediently in amounts from about 0.05
to about 2.0% by weight, in particular from 0.1 to 0.5% by weight, based on the total
amount of cross-linkable macromonomer. In addition the pholoinitiator can be
incorporéted/graﬁed onto the polymer backbone. Such immobilisation of the polymer

has the advantage of reducing the availability of photeinitiator residues from extraction
post cure.

The resultant cross-linkable macromonomer can be infroduced intc a mould using
methods known per se, such as, in particular, conventional metering, for example drop
wise. Alternatively, the macromonomers may be cured in situ, as for example in the
case af an injectable IOL. In this case the macromonomer is cured or crosslinked in the
lens capsule after injection.

The cross-linkable macromonomers which are suitable in accordance with the invention
can be crosslinked by irradiation with ionising or actinic radiation, for example electron
beams, X-rays, UV or VIS light, ie electromagnetic radiation or pariicle radiation having
a wavelength in the range from about 280 fo 750 nm. Also suitable are UV lamps,
He/Dc, argon ion or nifrogen or metal vapour or NdYAG laser beams with multiplied
frequency. It is known to the person skilled in the art that each selected light source
requires selection and, If necessary, sensitisation of the suitable photoinitiator. I has
been recognised that in most cases the depth of penetration of the radiation into the
cross-linkable macromonomer and the raie of curing are in direct correlation with the
absorption coefficient and concentration of the photoinitiator. Curing might also be
achieved by employing one or more of these methods, eg, heat and light.

If desired, the crosslinking can also be initiated thermally. It shouid be emphasised that
the crosslinking can take place in a very short fime in accordance with the invention, for
example, in less than twelve hours, preferably in less than an hour, more preferably in
less than 30 minutes.

in forming the polymer, the macromonomer is preferably used without the addition of a
comenomer although a comonomer may be included, While generally the polymers of

the present invention do not usually involve the use of other macromonomers, these
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may be optionally included. Preferably the polymers comprise at least 50%, more

preferably at least 80%, by weight of macromonomers of the present invention.

Macromonomers of the present invention may be used to form biomedical devices,
preferably ophthalmic devices. Such devices inciude |0Ls, corneal inlays, corneal

onlays, contact lenses, and artificial corneas.

In a preferred application, macromonomers of the present invention are used to form
injectable, in situ curable, accommodating IOLs. In this application, the mechanical and
optical properties of a cured polymer of the macromonomers are preferably selected to

match or restore those properties of the natural biological material of the lens.

One relevant mechanical property for IOLs is the flexibility of such a polymer. Suitable
flexibility enables the ciliary muscle/ciliary body and zonules of the accommodative
apparatus of the eye to modify the shape of a lens filled with the material, thus providing
accommodation. Flexibility is measured by its elasticity modulus. The polymer shear
modulus is a related property that may be measured also. Both can be measured as the
force required to deform a product, such as a lens, formed by the polymer by measuring
stress against strain. The shear modulus of the polymer of the invention may be
measured by a Micro Fourier Rheometer. A Bohlin controlled stress rheometer may also
be used. For an injectable, in situ curable, accomodating lens application of this
invention, the shear modulus measured by a Micro Fourier Rheometer is preferably less
than 10 kPa and more preferably less than 5 kPa. The modulus is influenced by the
number of polymerisable groups per macromonomer chain, ie crosslink density and also
average spacing (ie the relative proportion of the polymerisable group unit) of the
polymerisable groups. Generally, as the number of polymerisable groups per
macromonomer molecule decreases or the average spacing between polymerisable
groups increases (as a function of the monomeric proportions) the elasticity of the cured

polymer decreases.

A relevant optical property for an [OL is the RI of the polymer. The Rl at 37°C may be in
the range of from greater than 1.33 to 1.60, preferably in the range of from 1.41 to 1.5,

more preferably in the range of from 1.421 to 1.444, and most preferably in
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the range of from 1.426 to 1.440. The Rl may be chosen depending on the refractive
error being treated by the I1OL.

When used as an injectable material the macromonomers should have a viscosity
less than 150,000 cSt and more preferably less than 80,000 ¢St at 25 °C.
Instruments such as the Brookfield rheometer or the Bohlin controlled stress

rheomster may be conveniently used for viscosity measurements.

it will be appreciated that while the macromonomers of this invention may be used
alone to form the lenses and other biocompatible materials, other materials may also
be present in compositions used to form the biomedical devices. For example,
diluents may be present as well as other monomers, including  other
macromonomers, as discussed above. Other additives to the rﬁacromonomer
precursor, which may be free or grafted onto the polymer backbone, can include
ultraviolet absorbers and pharmaceutically active compounds, such as those that
inhibit or Kill the cells associated with PCO (Posterior Capsule Opacification).

When used as an injectable, in situ curable, accorrimodating IOL, the compaosition
including macromonomers of the invention may be introduced into the lens using an
operation that is in many respects identical to a current cataract extraction and 0L
implantation technique (e.g. extra-capsular extraction procedure) with some minor
differences. Generally, a small comeal incision is made at the para-limbal region to
provide access to the anterior segment. Following dilation of the pupil using a
pharmacological agent such as atropine or cyclopentolate, a small capsulorhexis
(around 1 mm or less in diameter) is made manually at the periphery of the anterior
capsule. Through the small comeal incision and peripheral mini-capsulorhexis, the
lens core {including the cortex and nucleus) are extracted. The composition inciuding
macromonomers of the invention is injected into the intact lens capsule using a fine
gauge {e.g. 28-G or finer) cannula and syringe to reform the lens. The composition is
then cured, such as by exposure of the eye 1o visible or ultra violet light,

Following such techniques and by selecting appropriate characteristics, such as RJ
and modulus, 10Ls formed from macromonomers of the present invention may be

used o treat presbyopia, myopia or hyperopia.

Amended Shest
IPEA/ATU
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Examples

“Example 1 - Preparation of functional cyclic siloxanes by hydrosilylation of

1,3,5,7-tetramethylcyclotetrasiloxane {D4")

The product obtained by hydrosilylation reaction is a siloxane compound represented by
the following scheme:

R
e — )
4\3 R OH \’/\OH ——@ -‘Q—-OH
. N .
/ 7 / /_f OCH;
50, H R S50, —
¢ s i § @-oa O -———N/
~Ssi o SL R 4 N\

o O-5i, J—/ 0~5i
] H i

Example 1A - Preparation of a cyclotetrasiioxane monomer functionalized by allyi
AN
)

methacrylate (D4
2g of tetramethylcyclotetrasiioxane (D4H) vvas dissolved in 40ml of dry toluene in a
round bottom flask equipped with a reflux condenser. To this solution was added 10
drops {0.180g) of Karstedt's catalyst ([Pt}= 3.4x1 0° mol/ml). The flask was shrouded in
aluminium foil to exclude light. 4.62g of distilled allyl methacrylate was added dropwise
from the top of the condenser. The solution was then heated up to 60°C for 18 hours.
Analysis by NMR showed the reaction to be complete. The solvent and residual allyl
methacrylate were removed under reduced pressure at room temperature. The product
was taken up in 50ml of dry toluene and stored at -15°C. 'H NMR spectroscopic data
for DM is shown in Table 1.

Example 1B - Preparation of a cyclotetrasiioxane monomer functionalized by aliyl
Y

benzene (D)
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9.746g of D, was dissolved in 10ml of dry toluene in a round bottom fiask equipped
with an air condenser and a drying tube. To this solution was added 0.202g of
Karstedt's catalyst ([Pfl= 3.4x10° mol/ml). The solution was heated while stirring to
50°C. A solution of 24.64g allylbenzene in 45 ml of dry toluene was added at such a
rate as to maintain an internal temperature of 58-60°C. After the addition, the reaction
was stirred for an additional 1h and then cooled to room temperature. 2.0g of activated
carbon was added and the mixture was allowed to stir for 45 minutes. The suspension
was filtered through Celite and the solvent was removed under reduced pressure to
obtain the crude product that was then re-dissolved in 10ml of dry toluene and
precipitated by pouring into 250ml of methanol with stirring. Then the precipitate was
allowed to setle and the supernatant was decanted. The precipitate was dried to
constant mass to obtain the product as a colourless oil (15.911g). "M NMR
spectroscopic data for D4 is shown in Table 1.

Examples 1C fo 14

Additional functionalised cyclic monomers are shown in Table 1. Those of ordinary skill
in the art would know that these products could be prepared using a variety of catalysts
and in a range of different temperatures. Typically the functionalised cyclic monomers
were prepared in toluene using a small excess of the allyl derivative (usually 4.5 molar
equivalents to 1 mole of D4) at room temperature to 70°C with a suitable catalyst
(usually a Pt catalyst such as PtCls.H20 or Karstedt's catalyst).

Reagents for examples 1H and 1J were prepared as follows;
Synthesis of allyl phenol for use in the synthesis of exampie 1H

A solution of Boron tribromide (3.3ml, 0.035mol) in dichloromethane (40ml) was added
dropwise to the solution of 4-allylanisole (4.00g, 0.0269mal) in dichloromethane (45ml)
which has been cooled to ~76°C in an acetone/dry ice bath. The reaction mixture was
allowed to warm to room temperature and stirred for 24 hours. The mbdure was diluted

with dichloromethane (20ml) then cooled to -76°C before adding saturated sodium

‘carbonate solution and adjusted the pH to 7-8, water (30ml) was added to aid mixing.
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The mixture was extracted with dichloromethane and solids removed by filtration. The
organic fraction was washed with saturated sodium chloride solution, dried over
magnesium sulfate, filtered and solvent removed to give dark brown oil, 3.09g, 83%.

The crude mixture contained 2 products and no purification was attempted.

5 S8ynthesis of isocyanatoethyimethacrylate derivative of esugenol for use in the
synthesis of 'exampie 1d
Dibuty! tindilurate (100ul, 23mg/mi in toluene) was added to a solution of eugenol
(5.00g, 0.0305mol) and isocyanatosthyimethacrylate (4.74g, 0.0305mol) in foluene
(60ml, dried over CaHy). The reaction mixture was stirred at room temperature for ©
10 days after which it was added dropwise into 600mi of n-pentane and the precipitate was
collected under vacuum filtration to obtain a white powder, 8.65g (89%).
Table 1: Examples 1A to 1J showing 'H NMR chemical shifts of functionalised
cyclic siloxane monomers
Example | R= 1 2 3 4 5 6 T+
1A 5 0.096 | 0.563 | 1.686 | 4.070 | 1914 |«
__mow/l\ G(my | 7(m) |2m) |1m) |0(s) | 5.5163(s)
N .
bab
O b:6.0708(s
)
1B 58 0.091 | 0602 | 1.708 | 2653 | 7.095
_@5 o(m) | 4m) | 2m) |O(m) |1
it 7.372
4{m)
1C 5 0.042 | 0484 | 1536 | 3460 | 4.276
oA smy | [Ty e | 4f9)
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T o \/u\ o 0.058 | 0.510 | 1.512 | 3406 | 3.496 | 3.6788(m) | 2.7751 (5)
5 7 Oy | 8(m) | 7(m) 1) &y
1E P 5 0.076 | 0.459 | 0.891 | 1.420 | 2.120
“N\S 8(m) | 4m) | 8(m) | 8Gm) | Ots)
1 MO‘SE” 5 0.007 | 0.429 | 1.495 | 3.452 | 0.054
/N 7{m) | Om) | 6m) |0 7(m}
@) . ) X A7 . :
1G —0 \k\l 0.078 | 0.372 | 1455 | 3270 | 3177 | 2.938B(m) | & 24026
5 7ab 5(m) | 4lm) |8(m) |8m} |5(q) {ax
b: 2.5835 (1)
TH 58 . 0.067 | 0.528 | 1573 | 2.464 | 6.5- | 0.8239
—Q"OH 4 7 9 o 7.2
5 b
by G , 0.063 | 0.565 | 1.630 | 2.541 | 6.529 | 5.8245(m) | 5.5371(8)
OH 0@y | 8(m) 2{m) Hm) |6
h 6.896
Ote 8(m)
1J 5 s o 1z 0.057 | 0561 | 1843 | 2575 | 64371 | 6.9193- 3.7826(my;
9 4 8 -
O'/LLN/\‘/Om/gHa,b ) | om) | 7(m) | 8(m) 7.0204(m)
}; o4 6.787 ¥
5
: OMe B(m) 5.4034(bs);
8 3.5635(m);
10 4.27194);
11 ar
5.5984(s)
b 6.1412(s);
12 1.9546(s)
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Example 2 - Ring opening polymerization (ROP) of functional cyclic siloxanes

Functional cyclic siloxanes were subjected to ring opening polymerization in the
presence of octamethylcyclotetrasiloxane {VDZ;) to obtain desired polysiloxanes with
polymerizable and refractive index modifying groups. Different end groups were
introduced using a varisty of end group blockers.

The ROP occurs under different conditions by using a range of catalysts, which include, v

but are not limited to, type of base, acid, Lewis acid, and exchange resin.

The procedure is illustrated in the following scheme, in which R is Z or RIM:

R
Vo

/
;’Siao‘s/ o i / / /
~ i~ end group blocker ool dod 4
\Sli\ ,C’> ”‘“S’i\ ,&) ——-—f——-?————————p« g3t {‘S\I o VSI’O}{S\T'O?\&\R
/o5l o~ TIOH N
/- R /
RiM
R
AR R——1 Z= RIpf =

o —Q 7N
o OCH, =

CHZCHy QCHa ‘@’O _O W\OI
C: 2 YN\\/\O/U\(

OCHg

o}
7\
o]

Example 2T - Preparation by ROP of a copolymer of dimethylsiloxane, methyl

phenylpropylsiloxane, and methyl propyimethacrylate siloxane, with trimethyisilyl end
groups.

A stock solution was made of 8.00g hexamethyidisiloxane in 270.84g Ds. 1.78g of
2,46 8-tetramethyi-2,4,8,8-tetra(propyl-3-phenyl)cyclotetrasiloxane,  39.8mg  2,4.6,8-
tetramethyl-2 4,6,8-tetra(propyl-3-methyacrylatel)oyclotetrasiloxane, 2.68g Dy, and
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Functional cyclic siloxanes were subjected to ring opening polymerization
~in the presence of Detamethvicyclotetrasiloxane (Di) to obtain desired

polysiloxanes with poiymerizabie and refractive index modifying groups.

Dw rﬁg;/e,ngl_groups were introduced using a variety of end group )

blockers, The ROP occurs under different conditions by usirng & +ZAYa/4ess2

catalysts, which include, but are nogdimited to, type of base, acid, Lewis

acid, and exchange resin. The procedure is illustrated in the following

scheme, in which R is Z or RIM: 10 Example 2T - Preparation by ROP of a
0.0760pb Iy eexdrdirthethipisiioanspnietblyltiohenytpropydsiloxatierarith métuybf dry
rolu QORYIMetACylale sierana with tymelnylsilyl, end.gighps.  ASIOSK tifluoro-

solution was made of 8.0.(3@ hexamethyldisiloxane in 2 0.34% D)Q 1,789 of
et ARl a Y 2, A6 e RATBHY L - HEMA T b adiokaPRECIately
cove38c8milYy 2|dnGiBurbSoil to exclude fight. The reaction mixture was left stirring for 5

daydetrarnetivi.2 4 83retadmeRy rdmmathvactiate Deycltelasioxang o5o0mg of
2.69904, and WO 2007/128051PCT/4112007/000582 38 0.079q of_the

sodiy RIEHIBXARE SEOGCEBRS G WERESHiIRE & RO P Wit 48B! OF diyr e
mixitokiene purdies ind reaiddotom Raskcohtiey arbargonammesp ek bipd wise
to 46hiHuaramethaneswionic aeidwas quiskls addedwhist st ingAngHiNgd the
flask i rgedla;[elc}/ cavered with a{dumlnlum foil to exclude light. The
SUD?é%aéﬁéa Bl wad 16t QARG HSF 5 By &' The RIRIUTS iSs TREF Hitted !
solvigith Bend teterss! and igatietised vt 250mg teinsodiant aagbisrats afferlt was

fou%!ﬁ@ﬁuéb% s(%lg@%ewa@f f?ittﬁs@i it and salvent mg@ma;l ; l.ThEh“eﬂ;t%%g%ﬂBEﬁiams
as purifie recipita redissalving in oluene and a o
o0 e e st et S THe ST e o s
methtile pulaTaightraistethkore rea RSl TFRe acipitdliBh steps were
repeated as necessary. All 10 solvents were removed under reduced
Exa?ﬁﬁ%sﬂffe—t?’%%@n @p%y§4g%smgng w{g&tmund to have viscosity of
14550 cSt, Mn 52100, Mw 89034. The polymer contains 80,86mo01%
dimethylsiloxane, 18.81mork methyl phenylpropylsiloxane, and 0.33mork
A sty IYSrpYRaetsiergiate! Stiokarie By dbtbrmineti et pyINiRIRaRRAMBIS- 349
D, 2Y36dgreppratisit i @iaehbip D3 B\Bsgns DA Hesrh xArstecksselutionsg of
-diviny - ,3-1etr yldisiloxane in,270. L
g R e R i DR
25miBourh e Es drate T RaNArRITASAE Bt EPHE BTyt RIXRRE 306K Tonic acid
wasSqllidion aveee! mbked sogeihenintac2ibaml ronmnet bostoroilaski witesiMAinium foil
rifi foni [ ickl -
ot G he ok Dl oo i om0 £
at 1eRBIEE ARG THdFeadtiBhhilduie s HsatBbriig e oessliates nstir SRl dry
oluefesttdag a0maMdeNpeatuesifer dduthesdrd, Hiversd Hhe nuxtuiarat@s. The

resflld SR RL AR é%P%P?%IH‘Qr%e%?fé?gﬂ%%&é\!é@?r%&%gﬁ& gﬁ%% The

ours, filtered and concentrated. The resi was redissolved in
progiigieis AHaRedp RatRI IMemEhareP BSORAY! FRepiotiact walkliswsaaied o
obtaptdelevenighissupeniatart gletanteshand isohventserespoyeckton2d abtairws:
. aclear visc ' 3g.w iti copolyme ,AS

D et 2 B S R e S ang
methyiasiaoek EhA ATEYRYIR. OgeliE M dhunefo P50l M rwithkRv T3 s extive
inadMm 26825 and refractive index 1.4553. WO

2007/128051PCT/A1.12(107/000582 A stock solution was prepared of

9.18¢g 1,3-diviny1-1,1,3,3-tetramethyldisiloxene in 270.349 04, Another,
Exaitek 2b1fiton WASHR AP I 54 BRI 02 4Y3T00L 00y A tHE <

1,3-diviny1-1,1,3,3-tetramethyldisiloxane stock solution, 0.30g of the 04H

stock solution and 1.74g D4AS5 from example 1B were mixed in 10m1 of

anhydrous toluene. 5 14.7p1 of trifluoro-methanesulfonic acid was added

and the mixture was allowed to stir at ambient temperature for 3 days.

2.09 anhydrous Na2CO3 was then added and allowed to stir at ambient

temperature for 16 hours. The mixture was filtered through glass paper on

a sintered glass filter. The product was precipitated by pouring the filtrate

into 40mi ethanol with vigorous stirring. The product was allowed to settle

and 10 the supernatant was decanted. The residual solvent was removed
1rinder vvacinim to obhtain the nrodiiet ac a clear and ecolorirlece nil (B RARAN
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15 Examples 2A to 2A0 A wide variety of macromonomers can be simply
prepared by ring opening one or more of the functionalized cyclic
monomers prepared in examples 1J to 1M. Those of ordinary skill in the
ar \Qfould know that these products could be prepared using a variety of
cata ysgs and'in a range of different temperatures. Typically DG&/fi 07000552
opening 20 polymerizations are perfgrmed under acidic conditions (eg
H2S04, trifluoromethanesulfonic acid, trifluoromethanesulfonic acid in
acetic anhydride) in toluene or as neat mixtures at room temperature to
A sidbCsdypicalystrifftapanmetbartesidlonjg-dicid\is ysinaieranhge ief6@re in
270200850 0. e defalls plaiating majeyajsanddnesesuling o, 100 of

macromonomers of various examples 25 are set out in Tables 2 and

the rdhEivveiy! @)&FﬁBPéEBQWB'%@Wcﬁtmﬁ%t%@tfﬂﬁcrgrﬁ%oﬁé@tﬁ&t dgfock
wmmcmmalmmlyﬁé%Mbteegmup@aangd}‘@erbsaekibmneOnﬂUsfratmyhaius icluene.

14. AQWMBITWIL, gl Latrachive Indey can g Prepared R&%@r‘é WE?&@‘HQS&'&WO stir

tructurally similar polymers with polymerizabla rougp
at pBRNL 2808 BETIMIL 2D 0 PVP065%2 ﬂ@“ﬁﬁfﬁ@st % Eiaoeﬂfﬁé dBEfd #giled and
allopteparet:- by thebédditionofrstitabler ok liomanomem{eg B4tk infiidizel through

g!asﬁo%ﬂ&r '§ﬂt§@:%@oe)§@é§9|?ﬁgr]<fﬂg]pm@@%@@%?g‘xﬁ%g) H{“ g@rt(ﬁg the

intermediate macromonomers suitable for further reactions with feagents
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- This product is an intermediate suitable for further hydrosilylation reactions with

reagents bearing polymerisable groups in order to form macromonomers of the present
invention.

Examples 24 fo ZAD

A wide variety of macromonomers can be simply prepared by ring opening one or more
of the funclionalized cyclic monomers prepared in examples 1J to 1M. Those of
ordinary skill in the art would know that these products could be prepared using a
variety of catalysts and in a range of different temperatures. Typically the ring opening
polymerizations  are  performed under acidic conditions (eg  HaB80,
frifiuoromethanesulfonic acid, frifluoromethanesulfonic acid in acetic anhydride) in
toluene or as neat mbdures at room temperature fo 110°C. Typically,

trifluoromethanesulfonic acid is used in the range of 80 — 200ul/3.5¢ D.

The details of starting materials and the resulting macromonomers of various examples
are setoutin Tables 2 and 3 respectively.

Examples 2A to 2J, which illustrate macromonomers that do nct contain polymetizable
groups along the backbone, illustrate that polymers with high refractive index can be

prepared by this methodology. Structurally similar polymers with polymerizable groups



Example 3 - Synthesis of silane functionalised prepolymers In examples

3A to 3D silane functionalized prepoiymers were prepared by ring opening
polymerization of D4 with D4H as shown in the following scheme. The

ratio of sifting 5 functional groups along the backbone was controlled to
afford modification with polymenzable and refractive index modifying

groups in later steps. Different end groups are introduced by using a

variety, 9bgne.geup blockers. The ROP occurs under differenf conditions ..
by using a range of catalysts, which include, but are not limited to, type o
acid, Lewis acid, and exchange resin40 10 Example 33 - Preparation of
sUoxane c000lymer containing 20-30 mot% sit functional groups 1,003g
HMDS, 44205 [ill arid i29u3g D4 were dissplved in 20| toluene, 2604
R e B STURIC ACTToLE AaT T BOIchon W Sibias co g (o
arambierta BlunsEriRiE IR PAERC2E0® ahydrous sodium carbonate
was added and the mixture was allowed to stir at ambient temperature for
FhowsesThe mixtue wasthen filieraddbroughglassdiliespaperor aor further
sintered. glass filter, The fi - Wi G
DR AT 20D 1 00ULAE U Ao Binangl Tho Susermageemee®
5 7S Heebnted aiesiHe e Ry a0555 g URGEP VARV D obtain a
clear colourless oil (104.108g).

Table 2: Mass of starting materials for examples 2A to 2AD

Mass of starting materials {g)
Example

- End group mass Dy Do [ Other mass{g)
2A DVTMDS 0.0025 ' 2.23 1.78

28 DVTMDS 0.0023 2.23 1.34

2C DVTMDS 0.0023 2.23 1.10

2D DVTMDS 0.0022 2.23 0.94

2E DVTMDS 0.0021 2.23 0.58

2F HEDS 0.0034 3.14 2.01

26 HEDS 0.0064 1.57 0.94

2H HEDS 0.0268 1.77 4.23

21 HEDS 0.0278 0.75 5.44

2. HEDS 0.0272 0 6.00

2K DVTMDS 0.0110 3.82 2.29 0.030




Table 4: Summary of results of examples 3A to 3D i Example number R'=

I, SiH mor/o[ byi H NMR 1H MAR data Viscosity (c5t) Si(CH3)2Sib!

A CH319.6

WO 2007/128051

PCT/AUZD0T00582 -
41

2L DVTMDS 0.0283 3.57 2.30 0052 |

2M DVIMDS 0.0010 1.43 0.92 0.0096

2N DVTMDS 0.0673 1.44 0.92 0.0098

20 DVTMDS 0.0014 1.44 0.92 0.0096

2P HMDS 0.0008 1.43 0.92 0.0086

20 HMDS 0.0009 1.43 0.82 0.0085

2R HMDS 0.0012 1.79 1.5 0.015

25 HMDS 0.0016 1.79 1.51 0.154

2T HMDS 0.0023 277 1.78 0.040

2U HMDS 0.0050 2.86 1.78 0.040

2V HEDS 0.0088 1.30 0.84 0.014

2W HEDS 0.1186 18.25 12.00 0.27

2X DVTMDS 0.0038 1.28 0.71 R 0.02

2Y DVTMD3S 0.0115 3.85 2.80 D= 0.37

27 HMDS 0.0011 1.19 0.71 D 0.23

2AA DVTMDS 0.0330 8.20 1.74 D, 0.02

2AB DVTMDS 0.0330 1174 7.7% oo 0.43

ZAC DVTMDS 0.0330 12,15 779 Dy 0.02




0.069i 4.6816100 r j 328.0 0.0691 4.68 1 1 1 880 CH3 28.18 0.069 4.68
2610 3DCH3 29.0 0.069 4.68 5 Example 4 - Functionalization of silane
prepolymers The prepolymers prepared in examples 3A to 3D were

functionalized by allyl compounds via hydrosilyiation to introduce

polymerizable groups and refractive index modifying groups in one or two
steps. The hydrosilylation is illustrated in the following scheme.

WO 2007/128051

s 28D x DVTMDS 1 0.3750

|

|
|

42

11.18

1

i 7.00

PCT/AU2007/000382

i D4EU

0.11 l

Table 3: Molar percentages and characteristics of macromonomers of examples ‘

2At0 ZAD
Mol% in product by 'H nmir . GPC
Example Ri{@ | Viscosity
No. | e AB | g Am Mol 37°C) {cst)
Dy Dy B4 Other % Mw Mn PD
2A DVTMDS 79.5 205 17380 | 11516 1.51 1.44969
2B DVTMDS | 83.6 16.4 16958 | 9360 1.81 | 144107
2C DVTMDS 86.8 13.2 18580 | 11748 1.67 1.43508
2D DVTMDS | 882 11.8 22480 | 12050 | 1.87 [ 143212
2E DVTMDS | 82.8 7.2 18138 | 13060 | 1.39 | 1.41884
2F HEDS 81.0 18.0 80628 | 40022 | 2.26
26 HEDS 82.3 17.7 36237 | 25882 | 1.40 14444
2H HEDS 50.8 49.2 12657 8687 1.80 1.4876
21 HEDS 277 72.3 5058 3208 1.58 | 1.50711
24 HEDS 4.3 95.7 3334 2408 1.38 | 1.82271
2K DVTMDS | B89.26 10.47 0.27 68462 | 27385 2.50 1.4310
2L DVTMDS | 82.52 16.28 1.20 65633 | 31180 211 144333 1840




WO 2007/128051PCT/A112007/000582 46 Example 4E -
Functionalization of a silane prepolymer with allylbenzene 3.007g of 28
mol/0 silane copolymer (example 3B) was dissolved in 20m1 of toluene in
a 50mi round bottom flask equipped with a condenser. 1.034g of
anylhenzene (AB) was added, followed by 1001.1 of Karstedt's catalyst
solution in toluene ([Pt] = 3.4 x 10-5 M). 5 The solution was stirred at 40C

undervsj};z2 for. 18 hours. An aliquot was removed and dried to glve a clear
T AU2007/0()0~>§>2
and viscous 0|I H NMR analysis showed that the resultant poly

contains 11.3Bmol% Si-H; 17.32rnol% allylbenzene and 71, 3Dmol%
dimethyl groups. This allybenzene furictionalised copolymer was not
isolated, instead it was used as an intermediate for the preparation of

2£Xample 49, 10 Additional allybenzene functionalized silane, prepolytmers .
were prepajed In éxample:. 4A ta 4H, the results of \which are set out In

Tabl mple 4J - Eu cflnnaliza_tig_ r Wit nll\ll lcohol
2N a\n M? 8205 1 1775 | 0.2 RS d5 64564 930
4.04 he silane prepo ymer of Example as dissalved in 20m1 of

toluene..2 ?41Q of ally!_alcohol (PA) was added followed by 100p1 of

*Karstedt's” ateﬁ%t so(l7u7t|50n 1 12|3n toluene ([Pi] 2HA K165 MB',BOFI‘é‘?gFSt on
was heated iat 40C for 19 hours. The solution was cooled to roo

“tem pé’%ﬁare and®1 56@1& activated carbon wa€2ddeti**fhe HixtureWag ==

stirred for 3 hours, then filtered throughi glass filter paper an a glass

“Qinterd¥fiter, Toflowed By filttation throligh a |0?¥3pm Hdrophbbic P&
filter, The product was found to contain{0.55mol% Si-H; 10,72mo1%

2Bllylale8hol; 17°0Amol8620 alfibenzene and [72B3motY diméthyll THe

allyl alcohol functionalized ssilane prepolyrrierimay be reacted with rea

Zeontaitfing polyiterisiie gréips|to form macroniiénotiits of the| prdgent 1910
invention. Additional functipnalized silane prepotymers were prepared'pi

241 andMIR, thé%esyltstdf whiekPare set put in|Table B52\WQ 171 14850
2007/128081PCTIMI2007/000582 47
22U HMDS 79.6 20.2 0.25 89838 515758 .74 13810
2V HEDS 80.2 19.8 0.20 B 25193 | 16864 1.48
W HEDS 7B7 21.0 0.34 95507 | 53027 | 177 | 1.44797
DAE\)— g i
2X | DVTMDS | 83.91 | 1596 . e | 013 | 82450 | 17943 | 18
Df,:U-
2Y | DVTMDS | 77.80 | 2145 w1075 | 38517 | 20225 | 1.5 | 14883
o 1.45785%
27 HMDS | 77.84 | 1873 D, 343 :
K < 141888
284 | DVTMDS | 9528 | 447 ol | 025 | 54005 | 35621 | 152 4 470

KR
+

2AB DVTWMDS 52.5

I
51
3

DS 1.6 120827 {12280 | 1.67




Table 5: Summary of results of examples ztA to 4K WO
2007/128051PCDAL12007/0005132 45 6325 Karstedt's, 100 2020% Eu
1.40540 Example 5 - Preparation of siloxane rnethacrylate from
sitoxane eugenol derivative and IEM 5 tsocyanatoethylmethacry, late
(4.65¢g of a 0230; IEM in 21.69; of toluene), ally! benzene and eugenol
functionalized polymer (0.880g; a=77.8%, b=18.7%, 578 at 21C), and
dibuty]tindi e (2541) were mixed and stirred at room temperature for
17h, Tﬁg%&z}é%%ﬁlmixture was precipitated into methanol. Thegcpq?é*gi’ﬁﬂ‘fi‘fg’agz
polymer was collected and evaporated to dryness to afford an oil (0,883g).
1H NMR analysis 10 gave the de;ired4EM functionalized macromonomer
with the following molar percentage ratio: a=79.3, b=17.0, dri.0, e=2.7.

i e A A

U / 582 49 Example 6 - Functionalization of silane !

nolvmers by nolvni |\§% !n'dey modifvina
AD T %Wg;bs.’ 777 T 02h | 44885 | 35268 ¢ 4.2
mixed hydrosilylation

21.3°C; $19.4°C
Example 3 - Synthesis of silane functionalised prepolymers

In examples 3A to 3D sillane functionalized prepolymers were prepared by ring opening
polymerization of Dy with D4 as shown in the following scheme. The ratio of silane
5 functional groups along the backbone was conirolled to afford modification with
polymerizable and refractive index modifying groups in later steps. Different end groups
are introduced by using a variety of end group blockers. The ROP occurs under
different conditions by using a range of catalysts, which include, but are not limited fo,

type of acid, Lewis acid, and exchange resin.

LR
CH,
CHa i R
R
s!' HaCug -CHa /H~SiaCHa sx<
N \
Hac/ o \o o CHa
10 m i

Example 3B - Preparation of siloxane copolymer containing 20-30 mol% silane
functional groups

1.008g HMDS, 44.208g D and 129.03g Dy were dissolved in 200mi toluene. 260ul
trifiuoro-methanesulfonic acid was added. The solution was allowed to stir at ambient
15 temperafure for 7 days. 25.0g anhydrous scdium carbonate was added and the mixture
was allowed 1o stir at ambient temperature for 3 hours. The mixture was then fillered

’tﬁrough glass filter paper on a sintered glass filter. The filirate was added drop-wise fo



A mixed hydrosilylaton in one pot synthesis is shown in the following

scheme: 5 Example 6C - Funotionalization of a silane prepolymer with

aUyi benzene and eugenol (13:1) 3.01g of sila e prePolymer containing 28

m‘%i%soi;%ggeo roups (example, 38), allylbenzene and 0.6379 of eugenol

were dissolNad in 25ml toluene in a 50m1 round bottom flasRSHAIFAEE 082

with a condenser and gas inlet tap ugder N2. 1041 of Karstedt's 10

catalyst solution in toluene ((Pt) ei 14 x as added to the solution and the

~ mixture was stirred at 40C under N7 and monitored by IH NMR until all the

40018i-#h gnoupSheerepearsameds Tdeamddrenvasdhenidoolesstergoneted under
vac EMRS UL Jfallowed by addifion ©f Q309 of activated carbon and stirred

for 3 hours after which the carbon was filtered off. The solvent was

removed from the filtrate and the product was taken up in 15 10m1 of
Tabig fe ftameand Washe@wifiesatrde PRAMED3 (2x 30ml); water (30rd)

~ then saturated NaCl (30m1) and dried over Mg304, The product was dried

UNiSIRECed RTESSUTSSIA Yiglia dear SigiRy eliow AL Y EarEal
3A92g. The polymer was found to [26.05 mal% allylbenzene; 2.0 mol/
eu F’gﬁd 11.95 mo%)é vl sflofé{f'u%}"@ﬁ)@)u g}'gs determined by H
NMR and the refractive index is 147272 t "7 A orys The s lane prepolymer
maghe reactedowth reagents containdsy polymersable geagps to form
macromonomers of the present invention. WO 2007/127051
PCT/M320071000582-50-Additiornal-exampl = are shown-in—

YOIt

T4 b%@ 6, Again,qﬁé pra% 'I?/mers in @X ples é’A,%S, 6),8%% and 6F may
be reacted with reagents containing poiymertsable groups to form

macomonomets-af thezpresent inventien. Tables6: Detadeynd results of
Examples 6A to 6F WO 200711280S1PCTIAU2?107

3D CHa 1290 0.060 |4.68 853

5 Example 4 - Functionalization of silane prepolymers

The prepolymers prepared in examples 3A fo 3D were functionalized by allyl
compounds via hydrosilylation to introduce polymerizable groups and refractive index
modifying groups in one or two steps. The hydrosilylation is illustrated in the foliowing
scheme.

. S~ tmso /i/Oj\éL /H o ’
mso\é&\/o/a S?”%\ms fs\ ] ? o C S\, Ojd\rms
)

b Pt cat.

10 R
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0.01911.4460 112.2rna% 2.00 3.79 -CI-120H
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Example 4E - Functionalization of a silane prepolymer with allylbenzene

3.007g of 28 mol% silane copolymer (example 3B) was dissolved in 20m} of toluene in a
50mi round bottom flask equipped with a condenser. 1.034g of allylbenzene (AB) was
added, followed by 100ul of Karstedt's catalyst solution in foluene ([Pt] = 3.4 x 10° M.
The solution was stirred at 40°C under Ny for 18 hours. An aliguot was removed and
dried to give a clear and viscous oil. 'H NMR analysis showed that the resultant
polymer contains 11.38mol% Si-H; 17.32mol% allylbenzene and 71.30mol% dimethyl
groups. This allybenzene functionalised copolymer was not isolated, instead it was

used as an intermediate for the preparation of example 4.J.

Additional aflylbenzene functionalized silane prepolymers were prepared in examples
4A to 4H, the results of which are set out in Table 5.

Example 4J - Functionalization of a silane prepolymer with allyl alcohol

4.041g of the silane prepolymer of Example 4E was dissolved in 20ml of toluene.
2.241g of allyl alcohol (AA) was added followed by 1004l of Karstedt's catalyst solution
in toluene ([Pf] = 8.4 x 10° M). The solution was heated at 40°C for 19 hours. The
solution was cooled to room temperature and 1.50g of activated carbon was added.
The mixture was stirred for-B hours, then filtered through glass filter paper on a glass
sintered filter, followed by fittration through a 0.22pm hydrophobic PVF filter. The
product was found to contain 0.55mol% Si-H; 10.72mol% allylaicohol; 17.01mol%
allylbenzene and 72.65mol% dimethyl.

The allyl alcohol functionalized silane prepolymer may be reacted with reagents

containing polymerisable groups to form macromonomers of the present invention.

ditional functionalized silane prepolymers were prepared in

H i

W

xamples 41 and 4K, the



AS and 3.8 monc,

WO 2007/128051 PCT/AT2007/000382
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Table 5: Summary of results of examples 44 1o 4K

Prepolymer mol% by 'H
Example R= R{g) Catalyst (i) RI(23°C}
(@) NMR
VAR 8.00% AB; 22%
4A ¢ 5011 7.494 H2PtCI8, 160 .
= Si-H
VRN 8.5% AB; 20%
48 3.032 4613 H2P{CI8,100
S Si-H
9.5% ARB; 19%
4C @ 3.066 1.271 Karstedt's, 100 ) 143168
Si-H
A 12.898%
4D 4 3.021 0.089 Karstedt's, 120 ) 1.44428
= AB,14.91% Si-H
AN 17.32% AB:
4E 3.007 1.034 Karstedt's, 100
= . 11.38% Si-H
18.73% AB;
4F @ 3.086 1.030 | Karstedt's, 120 14484
10.88% Si-H
7N 20.87%
4G - 3.001 1.148 - | Karstedt's, 120 1.45272
= AB;8.80% Si-H
21.15% AB;
4H -—@ 3.083 1.275 Kerstedt's, 120 1.45484
8.3% Si-H
5.88% AA,
4l —0OH 2.012 0.158 Karstedt's, 100
20.9% AR
10.72% AA,
44 i —OH 4.041 2.241 Karstedt's, 100
17.01% AB
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= | |
4K 3.007 6.325 ’ Karstedt's, 100 28.20% Eu 148548 |

OMe l

Example 5 - Preparation of silloxane methacrylate from siloxane eugeno!

derivative and IEM

OH

MeO

5 Isocyanatoethyimethacrylate (4.66¢g of a 0.230g 1EM in 21.68¢g of foluene), allyl benzene
and sugenol functionalized polymer (0.880qg; 8=77.8%, b=18.7%, ¢=3.5%; Ri=1.4578 at
21°C), and dibutylindilaurate (25p!) were mixed and stirred at room temperature for
17h. The reaction mixture was precipitated into methanol. The precipitated polymer
was collected and evaporated to dryness to afford an oif (0.883g). "H NMR analysis

10 gave the desired IEM functionalized macromonomer with the following molar
percentage ratio: 8=79.3, b=17.0, d=1.0, e=2.7. Refractive index of the polymer was
1.458 at 21°C.
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Example 6 - Functionalization of silane prepolymers by polymerizable and

refractive index modifying groups via a mixed hydrosilylation

A mixed hydrosilylation in one pot synthesis is shown in the following scheme:

R'
/\R //\R

o) ' |
TMS/O\\LE\KO\}R{/O%MS s /O‘f Q/KO \ /}/Oﬁy\{ ,/o\
a \ b Karstedt's catalyst \ , \ J K 7C\TMS

Example 6C - Functionalization of a silane prepolymer with allyl benzene and eugenol
13:1)

3.01g of silane prepolymer containing 28 mol% silane groups (example 3B), 5.69g of
allylbenzene and 0.637¢g of eugenol were dissolved in 25mi toluene in a 50mi round
bottom flask equipped with a condenser and gas inlet tap under N, 100! of Karstedt's
catalyst solution in tfoluene ([Pt = 3.4 x 10° M) was added to the solution and the
mixture was stirred at 40°C under N, and monitored by "H NMR until all the Si-H groups
were consumed. The mixture was then cooled to room temperature, followed by
addition of 0.300g of activated carbon and stirred for 3 hours after which the carbon was
fillered off. The solvent was removad from the filtrate and the product was taken up in
10ml of n-pentane and washed with saturated NaHCOz (2x 30ml); water (30ml) then
saturated NaCl (30ml) and dried over MgS0y4 The product was dried under reduced
pressure fo vield a clear, slightly yellow and viscous oil, 3.482g. The polymer was found
fo contain 26.05 mol% allylbenzene; 2.0 mol% eugenol and 71.85 mol%
dimethylsiloxare groups as determined by "H NMR and the refractive index is 1.4727

3

/
(23.4°C

A
W)

The silane prepolymer may be reacted with reagents containing polymerisable groups
to form macromonomers of the present invention.



will be understood that the invention disclosed and defined in this
specification extends to all alternative combinations of two or more of the
individual features mentioned or evident from The text or drawings. All of
these different combinations constitute various alternative aspects of the

invention. 52MCSLLP CLAIMS A macromoncrner of the formula 1;
wherein RIM is a refractive index modifying group; Zs a free radically

olyrnerisable group;
p y WG 2007/12&%51 p
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Additional examples 6A to BF are shown in Table 6. Again, the prepolymers in

examples 6A, 6B, 6C, 8E and 6F may be reacted with reagents containing

polymerisable groups to form macromonemers of the present invention.

Table 8: Details and resuits of Examples 6A to 6F

Example Mass pre- R= Mass first R'= Mass R} Functionai~
polymer {(g) afiyl second isation mol%
derivative allyl by 'H NMR
{a} derivative
{g)
BA 2.00 CHy— 3.79 - 0.21 14.6mol%
| —H,C OH
m Q AB and
A OMe 6.3mol%
EU
6B 2.00 CHa~ 878 | o on 0.10 10.4mol%
B 2 ’ AB and
Pz OMe 1.2mol%
EU
6C 3.01 CHy— 5.69 — 0.637 | 1.4727 28.05mol%
i HzCQOH AB and
OMe 2.0mol%
EU
6D 2.00 N 3.79 JO"\NA»J\ 0.10 10.67mol%
i —HsC e}
Q H I
I N —_ o AB and
= 0.23mol%
gu
6E 2.00 CHo— 3.79 —CH,0H 0.037 | 1.4485 9.7mol%
| ﬁ ' AB and
,,/ 2.2mol%
AA




K'is a spacer group; L is optional and is a spacer group; to each R is
independently selected from an RIMlower alkyl group, hydrogen or Z; a is
a molar percentage of the macromonomer which is in the range of from 0
to 95 me/a; b is a molar percentage of the madromonomer which is in
the range of from 5 to 1599 molcYo; c is a molar percof the
macromonomer which is in the range of from 0 to 2 mol%; and d is a
molaMsergentage of the acromonomer which is in the range affromo®iQ02s:
mol%: 20 with the proviso that ¢ and.d are not both 0 mol MCSLLP 53 the
macromonomer having, when cured into a polymer, a shear modulus as
measured by a Micro Fourier Rheometer at 37C of less than 50 kPa. 2.A

shear modulus asured by a Micro Fourier Rheameter at 37C of |ess:e and 5.8
than 10 kPa. 5 jA cromonomer according to claim 2 having, when mol% AA

MEACTOMONORET [@ccareing T efaim| I havingywhen cared into g pelymer, az.amal

cured into a polymer, a shear modulus as measured lﬁy a Micr Fourl r
Rheometer at 37C of less than &

(S

any one of the preceding claims whereln each RIM is independently
selected from the group consisting of a substituted or unsubstituted
larematic groapicadlucrinatedngeotip; aigroupecomtainisigdaromities iedindcaion
chlorineatam(s-anda 1QsuiRhiscoBtaiNIRgEralR: B AMaEOMNOMELres

acc égIIECQ Ct)9 C\!/a &T4¥¥yﬁ\)l¥b'}e{ﬂél‘:ntggcgf %Il"lél/‘lﬁuls & S%tﬂstl%u{%ed Or SU S(ngl%} ena oS
?ﬁe % macromonorner accordpﬁ; toc alm ereln eac

@tiﬁﬁ%iﬂ%‘rfﬂ’érﬂtlS?@éFé’été%Pﬁ%?rPé’f?ﬂ NBVET8er alkyl or hydrogen
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15 7.A macromonomer according to any one of the preceding claims
wherein each Z is an ethylenically unsaturated group. 8. A
macromonomer according to any one of the preceding claims wherein
each K is independently selected from the group consisting of a linear,
branched, or cyclic lower alkyl, which ié%ptionally interrupted by one or
more heteroatoms or substituted by one or more of 20 an ester, amide,
urethane, carbonate, thioester or -C(S)-NH-. 9. A macromonomer
according to claim 8 wherein each rdM6ver alkyl of the formula
(GH2n, WRRISIA 5 3D INBASK koS4 01 S. 10. A macromonomer
according to any one of the preceding claims wherein each L is a lower
alkyl of thFQ formula -(CH2)n-, wherein nis an integer 1, 2, 3,4 or 5. 25
11.A macromgngmer accordi q to any ohe of the preceding claimssaving
a refra&ﬁ@’indezc%affiﬁ?y ange gm@‘r@a -1:88\ta 1.60.R
MCSLLP B4 12\ Almacr m némer aZg jSng to any, gne of th Pr éeding
claims having a viscosity at 25Csf less than ,000 cSt 13. A R
macromonomer according to clainf{ haviné;g] Viscosity at 25C of from
1,000 cSt to 60,000 cSt. 5 14,A composition Eurable into a biomedical
device including a macromonomer accordingto any one of the preceding
claims. 15. A composition according tg laim 14 curable in 16. Use of a
composition according to claim 14 as r11 in situ curable, accommodating
intraocular lens, 10 17.An in situ curable, accommodating intraocular lens
folheEEom the composition of claim 14. 18,An accommodating
intraocular lens for correcting refractive error in an eye, or maintaining the
refrildtive peiwetiof anieyeydditviad fronpthe composition of claim 14.

Z is a free radically polymerisable group;
K is a spacer group;

L. is optional and is a spacer group;

each R is independently selected from an RIM; a lower alkyl group, hydrogen or

Z,

a is a molar percentage of the macromonomer which is in the range of from 0 to

95 mol%;

b is a molar percentage of the macromonomer which is in the range of from 5 to

99 mol%:

O

s 30/ o
HUL/70, 4abiu

[N

d is a molar percentage of the macromonomer which is in the range of from 0 to

2 mol%;

with the proviso that c and d are not both 0 mol %;

is a molar percentage of the macromonomer which is in the range of from 0 fo

MCSLLP
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19.An accommodating intraocular lens according to claim 18 formed in

situ. 15 20Use of a composition according to claim 14 in the manufacture MCSLLP

of an accommodating intraocular lens for correcting refractive error in an
eye, or maintaining the refractive power of an eye.

53
the macromonomer having, when cured into a polymer, a shear modulus as measured by a
Micro Fourier Rheometer at 37°C of less than 50 kPa.

2. A macromonomer according to claim 1 having, when cured into a polymer, a shear

modulus as measured by a Micro Fourier Rheometer at 37°C of less than 10 kPa.

3. A macromonomer according to claim 2 having, when cured into a polymer, a shear

modulus as measured by a Micro Fourier Rheometer at 37°C of less than 5 kPa.

4, A macromonomer according to any one of the preceding claims wherein each RIM is
independently selected from the group consisting of a substituted or unsubstituted aromatic
group, a fluorinated group, a group containing bromine, iodine, or chlorine atom(s) and a

sulphur containing group.

5. A macromonomer according to claim 4 wherein each RIM is a substituted or

unsubstituted phenyl! ring.

6. A macromonomer according to claim 4 or 5, wherein each R is independently

selected from a RIM, a lower alky!l or hydrogen.

7. A macromonomer according to any one of the preceding claims wherein each Z is an

ethylenically unsaturated group.

8. A macromonomer according to any one of the preceding claims wherein each K is
independently selected from the group consisting of a linear, branched, or cyclic lower alkyl,
which is optionally interrupted by one or more heteroatoms or substituted by one or more of

an ester, amide, urethane, carbonate, thioester or ~C(S)~NH-.

9. A macromonomer according to claim 8 wherein each K is a lower alky! of the formula

S

—(CHg)n—, wherein nis an integer 1, 2, 3, 4 or

o

10. A macromonomer according to any one of the preceding claims wherein each L is a

lower alkyl of the formula —(CH,)n—, wherein n is an integer 1, 2, 3,4 or 5.

11. A macromonomer according to any one of the preceding claims having a refractive

index at 37°C in the range of from greater than 1.33 to 1.60.
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12. A macromonomer according to any one of the preceding claims having a

viscosity at 25°C of less than 150,000 ¢St.

(61}

13. A macromonomer according to claim 12 having a viscosity at 25°C of from
1,000 ¢St to 680,000 cSt.

14, A composition curable into a biomedical device including a macromonomer

according to any one of the preceding claims.
15. A composition according fo claim 14 curable in situ.

16.  Use of a composition according to claim 14 as an in situ curable,

accommodating intraocular lens.

17.  An in situ curable, accommodating intraccular lens formed from the '

composition of claim 14.

18.  An accommodating intraocular lens for correcting refractive error in an eye, or

maintaining the refractive power of an eye, formed from the composition of claim 14.
19.  An accommodating intraocular lens according to claim 18 formed in situ.

20.  Use of a composition according to claim 14 in the manufacture of an
accommodating intraocular lens for correcting refractive error in an eye, or

maintaining the refractive power of an sye.

MCSLLP



